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TT appears to be extremely worth the Time and 
Pains of PJiilofophers to inquire into the Orders 
of the Colours of natural Bodies^ in the Manner 
propofed and begun by Sir Ifaac Newton ; and par- 
ticulary to compare the Changes of Colour, which 
turn up in chemical Operations, with the other 
Changes, which happen to thp Subjefts of the Ope- 
rations, at the fame time. Nothing feems more 
likely than this to be a Key to the Philofophy of 
the fmall Parts of natural Bodies, and of their mu-- 
tual Influences. 

Hartley's Obferva. C. 2t Sed^ 4. Prop. 60. 
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^HE ^ubjeft of the following Work was fug- 
gefted to the Author, by a clofe attention 
to thefe Experiments of Sir Ifaac Newton, 
wJiich fliew that Colouns are exhibited by very thin 
plates of pellucid Mediae and it is intended, as a 
kind, of Supplement, to commence at that flate of 
the Inquiry, in which it was left by that great Phi- 
lofopher. 

The Subftaaces which he employed in rmaking 
his optical Experiments^ were tranjparent and co-- 
imrlefs : fuch as Glafs, Water, and Air. And ha- 
ving diminifhed, or increafedf the thicknefs of thofe 
fubftances by mechanical means, he produced, ac- 
cording to the different magnitudes of the pellucid 
Media, Differences. or Changes of Colour. 

The Colours, however, exhibited in thofe Expe- 
riments, from their tranfient and teniporary nature, 
iwere, I perceived, incapable of being applied to 
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pradical Ufes. lii proportion, therefore, as I ad^ 
mired the greatnefs of tliofe Difcoveries, I regretted^ 
that they were hitherto confined within the bounds 
of mere fpeetflative Knowledge,, or philofophical. 
Cuxiofity ; efpecially as I imagined that, by a prac^ 
tical Application of the Theory, many ufeful Arts- 
might be confiderably improved. 

Induced by theft confiderations^ I endeavoured,. 
By a feries of Eicperiments and Obfervations, to in- 
quire into the Changes of Colour efFefted itiperma^ 
nently cohufed Bodies, and to examine whether diofe 
Changes are fubjedk to the fame Law which prevails 
in colouriefs Subflances. 

But bfecailfe permanently coloured Subftances are, 
dn account of their Opacity, generally, difqualified 
from tranfmittihg thfc incident Light, and. becaufe 
their difpofition f6 fefleft only one particular Colour,, 
renders them incapable of exhibiting any other, I 
was aware that the mechanical methods, by which 
the Colours of pellucid Media were altered, could, 
not be effedtually employed, for producing fuch* 
Changes in permunentfy cohured Subftancts, while 
they remain in their entire ftate : and therefore I 
found it expedient to have recourie to fuch ehymicql 

Operations 
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^€>^4itums as wmdd Smin^ ar increafe the Size 
<f£ the component parts of ithofe SuhftapceSi bjr 
ieporating ^tliem into iinaller, or uakiqg them into 
larger, Mai]^. For sdmoft all the Chaogp8 wfaich 
oiatund Bodies * ondergOt appear to ariie from the 
Divifion or Jleuaion of their component Particbes: 
And, indeedf the Chymifts have reduced the whole 
1^ tlieir Art to thefe two Operations. 

Hence Sir ifaac NirvMon, at the .oloiGb of his Op^ 
-tics, lay^ down the fdlowing moft .excellent Doc- 
trine: <*A11 the£e things .being coQiidercd> it fetms 
probable to me, that God in jthe b^inning /oriaed 
Matter in folid« mafly, hard, impenetrable, move- 
able particles, of fuch Sizes and Figures, and with 
fuch other Properties, and in fuch Propprtion t^ 
Space, as .moft conduced fto the End for which 
he formed then ; and that thefe primitive Par- 
ticles l)eing Solids, are incomparably htfder^thaii 
any porous Bodies oompounded of them; even fo 
hard, as never to wear or break in pieces: No or- 
dinary Power being aUe to divide w:hat God him- 
felf made one in the firft -Creation. While the 
Particles contkme entire, they may compoie Bo- 
dies of one and the &me Nature .and Texture in 
all ^Ages*: JSut ihould they wear aw^yt ^or break 
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** in pieces, the Nature of Things depending upon 
" thcro, would be changed. Water and Earth, 
** convpofed of old worn Particles and Fragments of 
** Particles, would not be of the fame Nature and 
** Texture now, with Water and Earth compofed of 
*• entire Particles, in the Beginning. And therefore, 
** that Nature may be lafting, the Changes of cor-r 
** poreal Things are to be placed only in- the various 
** Separations and new Affociations and Motions of 
^* thefe permanent Particles ; compound Bodies be- 
ing apt to break, not in the midfl of folid Parti-*' 
cles, but where thofe Particles are laid together^^ 
and only touch in a few Points,." 
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In this pafTage the Dodtrine of the Divifion and 
Reunion of Particles of Matter, which compofe 
natural Bodies, is cleao'ly laid down, and beautifully 
illudrated: which Divifion^ and Reunion are eiTential 
to thofe efFedts of Chymiftry and Optics, which are 
examined in the following Work* 

But although this great Pliilofbpher, from the 
Manner of earpreffing himfelf here, feems to confi- 
der this Truth, concerning the Permanency of the 
component Particles of Bodies, as his own original 
Difcovery ; yet it is certain that Opinions, "S^hich 

exa^y 
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PREFACE. V 

exadtly coincide with his, were entertained by 
the mofl antient Philofophers. Leucippus and De- 
mocritus held that '< Bodies were compofed of 
'* Atoms, or very fmall Particles, which, from their 
** Solidity, are incapable of being deftroyed '/' The 
latter Philofophers of Greece borrowed thefe Docr 
trines of Leucippus and Democritus, and inculcated 
them * : And we find that they fupported them by 

Arguments 

wfoXiiUSim hk Tfif n^ifyniaf Diog. Laert. ]. ix. Segm. 44*. 

^ Kmi fMiP >^ T£K »TOf&¥c rafb»r/tr, fMihfAiap 99iinSl» rZf ^aii'OfuvM vpp^ 
^ipi^Sai, w>^m ^^fietl^f «J /S^ptff, 'kJ >iiyiOwf, «} oca i| awayxit^ exfifAoiO' 

EwuKvif ^r f^ v«o/A^rfii 19 TOMt ^«Xt/0tri /rut avytifif$i9 rtftot xy o^UiXvW. 

'*Q6tw eamy%aXc9 9» lA lulMifUfa a^^afia iT»ai, nJ ri* t5 /ijlAC^SAAorrO« 
flfa%fWi cxo/l«, ^yxtf( A MJ &x^f^^H^^ l^i» Thro yet^ nJ cifayztcUt MrofUriiv* 

Ejufd. 1. X. Segm. 54, 

T40r« ^ iri' «T0/u« «} afMlaCXulAy ii«t( fii ^mXAi» varra •»< ri ^9 t» 

w p{fc%9 trtth >^ v» tx^rrm Mvn i mt*^ ^ATuiOi^-trM. ^Ari roc «fX^C» 
•To/Atf$ ayaTiuMoy ilmi cttiimrMf . fv^if* lb. Segm. 41* 

Many fimilar. paiTages might be adduced fcom the Author here 
cited, and from others. The learned Marfham, fumming up the 
opinions which the antient Philofophers entertained on this fubjedt, 
attributes to them an^ argument, fimilar to that by which Sir Ifaac 
Newton-proves die indeftiudibility-of the primary parts of material 

fubftance^ 
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ArgumeniB fimilar to tho<fe which are u&d by Sir 
Ifaac Newton. Lucretiusf^ who has given u» the 
lubftance of that Philo(bphy which was introduced 
into Greece hy Demociitus, has elegantly delivered 
Ibme of thde Opinions ia the following liiies, as 
misXl as in various odier pafiagefs: 

omnia ^uando 
Paulatim crefcunt^ ut^par eft, femine certo: 
'Crefcendoque genus fervanti ut nofcere poffis 
^a^ue /ud Je maierid gtwa^dckcrc, alique. 

Lucret. 1. i. 189^ 

"The argument, in partlculai;, which is by Newton 
deduced from the Immutability .of Water, and other 
^material fubftances, is ufed by this Poet : 

Unde mare, ingenui fontes, externaque longi 
Rlumina fuppeditant ? unde aether fidera pafcit? 
<Omnia enim debet, mortaii corpore quae funt^ 
Infinita stas confumpfe anteafta dieique. 
QiKxi £ in eo ^fpatio, atque antea^ .aeitate fuerc* 
j£ quibus haec rerum confiftit fumma refeda, 
Immortali funtnaturi prsdita certe. lb. 23 ^« 

Cicero^ 

4ubftance$,'flx>m the immutability of the Bodies themfelves : ** Nam 
'*^ ti interitus rerum mutationi accederet, 'Univerfi tandein abolim 
•^ fegnei^ctiuc, neque fuppeteret, unde res renafcerentur/' 

Mariham. Canoa. Chron* Secul. XL 5 4U 
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Cicen>% who alfo drew his Philofophy from Greece^ 
afcribes the Permanency of terreftrial Bodies to the 
agency of the Deity », coinciding with the fentimeatf 
which our illuftrious Author has delivered,, in that 
part of his Optics, which is before-cited. Thus 
were the latter, , as well as antient Greeks, acquaint«- 
ed with the& and other philofophicgl. Truths. 



Notwithftanding this, it is alio certain that the 
Philofophers of Greece were not the original Difco-^ 
verers of thefe truths ; for it appears from the ac- 
counts delivered down to us, that dteir pliyfical 
knowledge was confined to bare Properties and Ef«» 
fe^, of which the Caufes were unknown to them : 
They contented themfdves with dogmatical AiTer^* 
dons, concerning the Phamomena of Nature, un<^ 
fiipported by the Evidence of Eieperinient; without 
which means of Enquiry, Jt is certain that true Phy- 
fical Knowledge caa not be arrived at; Thus their: 
Syftems, corrupted by ideal Speculation, were erro^ 
aeous and imperfedt. For there afoie among them' 

various^ 

*' Talis igttur mens mundirum fit,.ob eamque cau(am vel pru-^ 
tbntiaj vel providintia appellari rode folet (Grace eniixi v^Mwi^dici- 
tur) hsc potlffimiiin praoidif^ et in his maxime eft occupata, primum* 
lit mumkis ^uam aptiffimus fit ad pennanendum. 

Cicero de Natura Deon K Ur XXIL 
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various ScSts, each exclufively holding Dodrines 
which^ though falfe or deficient as feparately main- 
tained> would, if united, have been confonant to 
the Laws of Nature ^ 

tience it is that, amongft the soitient Writers of 
that Nation, we meet with few or no original Dif- 
coveries or Improvements, either in Natural Philo- 
sophy, or^ in the Arts dependent on it. 

Since, 'therefore, the Greeks were unacquainted 
with experimental Philofbphy, and employed none 
ef thofe Means through which a Proficiency in Phy- 
ficks can be obtained, it is evident they muft have 
acquired their Dodrines at an eaiier rate, by recei- 
ving them from Philofophecs of other Nations, who 
had douB^tlefs, by dieir own proper Skill and Indus- 
try, , difcoYcred them. 

And indeed Hiftorians affiFm that Democritus 
jreceived the D^Arines which he introduced into 

Greece 

-' Thus Water was held b^ fome to be the only Element, out of 
Jivhtch all things were formed, whilft others attributed their Form^ 
iion to Earth, or to Air. But Chymical Analyfis has ihewn, that 
all thofe Principles are moft frequently united in the jCamppiition of 
.fVttuod BpcUes* 
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Gfeece from the Philofophers of India^ Ethiopia, 
and Egypt, as well as from the Magi and Chaldeans, 
into whofe Countries he travelled to inquire into 
their Learning \ 

For the Indians and Ethiopians were confidered as ^ 
the moft Philofophical of all Nations ^ . Strabo in- 
forms us, that, in India, Philofophers were held in 
the greateft efteem, and that « fome of them were 
employed in phyfical . Inquiries '. And this agrees 
with the Account which Diodorus Siculus had given 
of them ; for from this writer we learn that their 
Philofophers formed the fir^. order in. the State % 

h and 

* Hip) AD/AoxpiTH.'— H«ir Sr t^ ^fU vie XaXhiUf Sk BoCv^vMi, «j Tpo^ 
TVf Mttytffy M^ Tttf Sofir^K rSf U^it. ^Han. Var. Hiil. 1. iv. c. xx. 

Kog. Laert. Anf^Kf, 1. ix. iegm. xxxV. 
j^ T^r^ Uf%vcr% iieMfvw. Clem. Alex. Strom, lib. i. p. 222. Edit. Hiinfii. 

Stoi Tify 0>of (ay. Pbiloftrat. 1. vi. c. xvib 
I»l5» )d Ji qfi>M^tM ^ av'ivt ^MiCiCeii7«u. Clem. Alex. Strom. 1. vi. p. 457. 

fiXo0r^f«< IivM ft4tU TifiV iA«x»r^( ii ««'' ofiO/iAOK Strabo, 1. xv. p. 709. . 
Tirf y oMjtit (Bp»X(biaB«K) ^xovtiv r» WhU m fia$u lb. p« 716* • 

^' Diodon SicuL 1. ii. p. 88t 
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tand he relates feveral inftances of their Skill in Na- 
tural Philofophy. Megafthenes exprcfly affures us 
that all the Do^rines of Phyficks Were cultivated 
by the Brachmans of India, previous to their Intro* 
dudtion into Greece *• 

The Sages of Egypt alfo boafted of being the firft 
Cultivators of Philofophy *"• Herodotus, who had 

vifited that people, acknowledges that Greece bor- 
rowed much of its Learning from them '. And Dia- 
dorus Siculus, in a Chapter exprefly treating of thofc 
Grecians who, in antient ?times, rcforted to Egypt 
for the fake of learning the Sciences there cultiva- 
ted, informs us that Democritus refided in that 
Country five years . for this purpofe"*. 

The facred Writers,, as well as the Jatcr-Hifto- 
xians, abound in teftimonies of the Wifdom and 

Philo- 

iCf«ietf(» if Trf Tfirji tS» 'h^Keif ^^t ypafu. "Avmvlct fjUr ru t« 9'ipi flaivq 

Clem* Alex. Strom. 1. i. p. 224. 

* Herod. 1. li. paifitn. ^ 

^ Diodor. SicuL 1. L p« 6at 
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PEilofbphy of the Egyptians : but thefe are fo well 
IcAown, that it is not neceiTary to inflance them ia. 
thi^ place. 

On this fubjeiSt, however, it may not* be improper' 
to obferve, that the principal Divinity of Egypt Is is 
(by the Greeks called AUMHTHP, and by the Romans 
Ceres) reprefentedi Nature °^ and that, in the 
greater Myfteries > of that Goddefs, the Phenomena 
of Nature were exhibited and. explained **. And we 
learn from Seneca that feveraj leiTons were neceflary 
for the inflrudtion of the initiated, from the copi-- 
oufoeft of the fubjedt <"« . 

Nor were the Magi lefs diftinguiflied for their 
proficiency in the Knowledge of Nature, according to 
the accounts of many antient Authors, amongft whom 

b 2 Cicero 

^ *H yetf *lffif Ifi ^ rl rif fv^f«c SSXv, 9^ ilixlixir itvJi^i yvi^wi^ 

Plutarch de Ifide, p. 372. 

^f'vlist witl» yy99i*irn9 i^ hx^fUnnfr lb. p. ^Sz* 

tfln Mre)iifi1«i9 iMowUvH9 it, ^^w^f^f^79 rit ri ♦YI^IN I^AI TA nP ATM AT A. 

Clem. Alex. 1. v. p. 424. 
P Eleufis (brvat quod oflendat revifentibus : Eerum Natura fua- 
npn fimul tradic, Seneca, Nat Q^isft, 1. vii. c. tcxxu 
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Cicero attefts their excellence in Science, and con-* 
tars with thofe we have already cited, in relating 
.that Democritus reforted to Perlia, to procure from 
4thefe great Mailers inftru&ion in phyfical Inquiries ''•^ 

The Chaldeans alfo cultivated Philofphy with 
much fuccefs, and they are faid to have employed 
all their lives in purfuit of this Study". The moft 
learned Writer of the prefent age has Ihewn that al** 
mofl all the Sciences antiently originated from them\ 
JfVnd it is remarkable that the Permanency of Mat- 
.ter, and of: the World which is compofed of it, was 
maintained by thofe Sages', according to the princi- 
ples . inculcated by Democritus. 

But, tho' Greece thus borrowed its Philofophy 
from the Nations of the Eaft, at an early period c^ 

Hiftoiy, 

* Cur ipfe Pythagoras & jflEgyptum luftravit, & Pef rarum M agos 

aditt? Cur tantas regiones barbarorutn pedibus obiit? toC marim 

tranfoiiiit'? cur haeceadem Democritus ? — quid quaerens aliud, nifi 

beatam vitam? quam fi etiam in'Rerum cognitione ponebat, tameti 

aCX ilia Inveftigatione'Naturae confequi volebat, ut effet bono animo* 

•Cicero de Finibus, 1. 5. XXIX. 
' ltdtXJbMi-7-«£f7« tU TV {nr XP^P09 ^iX^^ofMtjv. Diod.-SicoL'IrO.p. fri« 
' Biyant. Syft. Aiit. Mythol. pafSm. 

^ *0i / «i 7Mki*H t»p ifh r9 n(^fw f^*» mO^ fmoif Timm* 

;Diodor. SIgoL 1. ti. p. Bt, 
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Hiftory, I am, from fcveral circumftances, ftrong- 
ly induced to believe that it iiourifhed in tho(e 
Eaftern Nations at a Period much antecedent to its 
ihtrodu£tion into that Country; and, particularly, 
tiiat Chymiftry, by ^hich alone the compoiition of 
Natural Bodies could have been difcovered, was 
confined to, and folely cultivated in, Afia, and the 
Eaftern parts of Africa; unlefs Metallurgy, which 
includes but a /mall part of Chymiftry (and which, 
from its neceflity, feems to have been very fearly 
exercifed in almoft all nations) be confounded with 
Chymiftry in general.-^My reafons for this opinion 
are thefe : 

1. Becaule certain Arts dependent on cfaymica! 
proceiTes were antiently pradifed in the Baft, alth<i* 
unknown in Greece, and all other parts of Europe. 

2. Becaufe the fame Oriental Nations continue 
to excel in thofe Arts, many of which are in vaiH 
attempted, even at prefent, to be inikated* by Eura- 
^an Nations* 

vj. Becaufe the firft Books, which treat of Cfay-- 
miftry as a Science, and which, notwithftanding' their 
icarly dale^ afford a^good account both of its fpecti* 

Ifltiffp 
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lative and pradtical' parts^ 
Writers of the £afl». 



delivered, ta us from 



Before I menuon' the particular Arts dependent 
on Chyniiilry, the origin of which I attribute to 
the Oriental Nations, it may be proper to obviate 
an objet5tion which may be made to the Novelty of 
this Inqniry. It may poflibly be afked, if fuch* 
Arts were prafl:ifed antiently by thofe Natioas^v 
whence is it that moft of the circomftances, which 
are here obferved relative to them, have hitherto: 
pafled unnoticed? To this I anfwer,. that, in thefc 
Refearches, I have frequently remarked with regret^, 
that although feveral perfons, eminent for their 
Learning, have tranflated, or conunented upon^ the 
Workis of the anticnt Writers on fuch fubjeits, 
theie modern Authors have not joined^ to their great 
Erudition, a Knowledge of Natural Philofophy, or 
of the Arts dependent upon it. From this Defedt, 
the Conne<flion between the Arts themfelves and the 
Parts of Natural Philofophy, into which I have in*-^ 
quired, has hitherto pafTed almofl unobiervcd« 

I ihall, however, feledt from among tho& which 
llouriflied at a very remote Period q£ Hiftory in the 

Eaft, 
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£aft, fudi Arts only as relate to the practical Ap- 
plication of colouring Subflances : and hence en- 
deavour to trace the Origin and Hiftory of Chymif- 
4ry, and 6f Colours; irom the Union of which two 
Subje<9;s the following Work is formed. 

The firft I (hall inftance, is the Art of Dying- 
None of the Arts more abfolutely require the aflift- 
:ance of Chymiftry than this: For though a few 
iimple Colours may be accidentally difcovered, and 
afterwards applied, without much fktll ; yet a more 
j>erf6£t Execution of this ingenious Trade, depends 
Aipon a proper management of Acids, Alcalies, va- 
rious Salts, Metals, and other Subflances, which 
cannot be produced, or aded upon, but by chymi- 
^al FrocefTes, fo as to be applied to aay of the finer 
^nd more difficult Works. 

In this Art it is certain the Oiiental Nations an-- 
^iently excelled; and from hence feveral parts of the 
Eafl produced the fame kinds of merchandize^ which 
'we now receive from them in our traffic. Which 
affords us one inflance, anK>ng many, of the EfFcd: 
^hat a fixed and invariable flate of Manners and Cu- 
flonis, fo often obferved in thofe Countries, has had 
^cn their Manufactures and Commerce^ 

To 
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To the aid of Chymiftry. we mu^ft:^ in the firft 
• place, afcribe that particular fpecies of Dying,, by 
which Linen or Cotton Clothes are painted,, or 
printed, with Colours. Which Art, as antiently 
pradifed in various Eaflern Countries, feeips.-muGh . 
to have rcfembled the prefent ftate of it amongft 
the fame Nations,, from whom we now import: 
Clothes thus manufactured^ And it.will appear from 
the following Obfervations, and. from the pafTages 
which I have here colledled from antieht Writers, 
that thQ feveral countries, which were celebrated for 
thefe curious Works, produced alfo Linen, or Cot- 
ton^ and dying materials for the . manufa(3:ure of ^~ 
them. 

> 

This fpecies of Dying was-antiently cultivated .in • 
India, where it fiouriihed coniiderably: and that 
Country not only furniihed Clothes, tinged with 
varioufly coloured Figures and Flowers^ for the ufe 
of its own inhabitants ^ but alfo fupplied other na- ' 
tions with them, as. an article of Commerce. 

Claudian. alludes to thefe produdtions of India, . in 
the following lines : 



4€ 



Jam 
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^^ Jam cochleis homines juntos, & quidquid inane 
•' Nutrit, in Attalicis- quae pingitur India velis *. 

Indeed, that Poet had juft reafon to blame the 
Tafte, in which fuch Clothes were painted, if we 
may judge of the antient Workmanfliip by the 
modern : for it is certain, that, at this day, their 
Defign is unequal to the beauty and ricbnefs of 
their Colouring. 

c Strabo 



^ Claudian in Eutrop. L i. lin. 356. 

From the great number of dilBerent Epithets, applied to the word 
Felis in the feveral Editions of Claudian, I am inclined to think that 
the original Adjedive has been loft, and has been arbitrarily fup- 
plied by tlie Editors. From among the words Lydiacis, Indiacis^ 
Niliacis, Attalicis, &c. I have chofen the laft, as it feems lefs than 
the others to rtik vitiating the fenfe of the paflage. For, I believe 
Attalicus is generally ufed, merely to fignify rich, elegant, or fine, 
fuch as was poiTeiTed by Attalus, king of Pergamus, who was fa- 
mous for his wealth and magnificence. Heinfius propofes for the 
word Filis to fubftitute Telis^ meaning Tapeftry or Carpets in which 
the colours are interwoven. But it appears from Pliny, 1. xix. c. i. 
and from the conftant ufage of other audiors, that Velum was a term 
applied to Ivinen, and more efpecially fo when dyed^: and it is thus 
ufed in a paflage hereafter cited, relative to the exerciie of this kind 
iof Dying in Egypt. 
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Strabo relates that the Indians wore jhwered Lp- 
runs ziNAONAS £TANOEi£, and, from the Epithet 
it appears that thoie Ornaments were finely exe«« 
cuted ''. 



Frpnji the lame Nation, the method' ef dying Li- 
nen o^ various Colours was firft learned by the Ma«» 
cedonians, who accompanied Alexander on ap e^^ 
pedition to the river Indu^ '• 

Many circumftances are to be found in Hiftorians 
Relative to the Culture, Manufacture, and Ufe of 
Linen and Cotton in that Country, on which the 
Colours, alfo produced there, were employed. 

Flax was cultivated in India ^ and we are in- 
formed* 

^ Strabo, 1. xv. p. 709.— Sindon fignifits Linen, or linen {jar^ 
mcnts.*— — Hefychius. Zu^l^vy, lOom.-— 'odtft^y Xi»a -ifjirm*' Bay* 
fius de re veftiarta, p. 53, Sindon, Veftts Hnea. By the lanie word< 
Cotton Ck>tkes afe (bnietimes enpreffed* 

* TentatUHi eft tingi Linum quoque, & vijiium infaniam accjpere^ 
in Alexandri Mapii primum claffibus, Indo amne navigantis, cum 
«}uces ejus & prsefe£ti in certamine quodam variaflent infignia navi* 
MVCiy ftupneruiitque Iktpra flatu vf rftcolbria impknte. 

Plinii, 1, xix,. c i. 

• 

' Terra (Indjae) Lini ferax, inde plerifque funt vefles. 

Qi Curtii, 1. viii. c. ix. 



\ 
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iotattd of the Seafon and Soil which wfts there 
elteectied prefer for fowin^ that plant '. 

The pecaiiar Skill of fhis People^ in fpinning 
Mji weaving Linen^ was alfo very confpicuoas, in- 
fonMich that Dionyiius Periegetes, defcribing their 
manners and cuftoms, mentions their employmei^t 
in fuch Works as a difiinguifhing national occupft^ 
lion*. 

% 

A part of their Drefs confifted of linen cloth, 
thu6 prepared by them ^ : and we find that it form- 
ed an txtenfive branch of their Convmerce. The 
Aulhor df the Periplus maris Erythraei enumefates 
many Indian Marts which traded in this Merchan- 

c 2 ^ze^ 

Ha* h' fMf Ivy TovroK tok SIfcCpoK ^9w w^it^iUu' Strabo* 1. xir» p« 690* 
* Tlfhf f Avyi^ 'irlkly ifcQun wivlnUu i$mp 

Diooyf. Perieg. Iin.iii6. 
^ Indi, corpora ufque ad pedes Carbafo * velant: foleis pedc^ 
capita Unteis vinciunt. Q. Curtii, 1. viii. c. ix. 

* Ad eand. loc. Raderus. Carbafin autem eft ct naUEmae U ddkatUE* 
flisr teb& fea Liai genus. 

SfiBX^ h Imm t$K ftavm rlf l4i» Ximt ^wr^v •TP^^« 

Philoftrat. f . S. c. kx. 
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dize % and of which the moft famous was fituated 
on the Ganges, and took its name from that river ^^ 

I thought it neceflary to examine into* thefe 
particulars, as fome Writers have £allenr into 
great errors, concerning them.. Thus Voffius, in 
kis Annotations on Pomponius Mela,, iaiifls that 
wherever the Antients mention the Woollen, Linen, 
or Cotton of India, we are to underftand that, by 
thofe words, they mean Silk. " Sic fentio, ubi- 
** cunque apud. Veteres aut lanae, aut lini, aut byffi 
'^ Indici mentio fit, intelligendum id elTe de ferico,'' 
ad Pomp. Melse, 1. iii.. c. vii. an affertion very in- 

confiftent 

f6ya(a9 leaU^ilaii.— Arriani Periplas maris Eryth. Edit. Stuckii. Genevae* 
1677, p. 13.^ 

'o{iin»— «f' S( wiflet ra Wfp^ IvOurW riff X'^f^* "^ Bafvyec^a9 ttarcUpi" 

'ivJkiiA*, nJ IMXix**»h 9^ Ua9^9 j(yiat09 'O^^ndr* lb.* p. 1 5. 

4r»^M» ^po^iNi* lb. p. lO. 

*Asr9 a Tteytif»i9f 'odoMoy ««Xv x^^'*^^** '{9 rirJlBVA^v trayloMK. lb. 
Tmm^$a9i'^yi»ilat ^t U avli XtBia lia^arncy kJ riyl!»n(. Jb« p. 1 9. 
MotftoXU-^yiyorVt Iv ai/IjT Xtrli^fff 9XhrM> lb. 

AsT^tHTl* lb. 
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confiftent with the accounts which I have here ad- 
duced from the beft Authorities relative to this Peo* 
pie ; who, moreover, would not have admitted the 
general Ufe of Silk, if they had poflefTed it, from 
religious motives, which I fhall explain hereafter. 

From the moft antient teftimonies we alfo learn 
that Cotton was produced and wrought in this 
Country % Pliny informs us that the fined Clothes 
were made f;'om this Plant which grew there ^ as well 
as in Perfia '. Arrian commends thefe on account 
of their Whitened ^ : And it does not appear that 

they 

Uerodot. 1. iii. cvi* 

StrabOy. 1. xv. p. 694^ de lodia. 
^ De Goflam.pinrs,. & arBoriBus ex quibus Veftes fiunt. — Arbores 
vocant goflampinos, fertiliores etiam Tylo in minore, quae diftat 
XM. paf. Juba circa fruticem lanugines efie tradit, linteaque fieri 
Indicis preftantiora.— Sic Indos Aiae arbores Teftiunt. 

Plinii, 1. xii. cxL 

« I>e arboribus Perfica Infuls, & laiwgeris arboribus. — Fcrunt 
Cotonei mali ainplitudine cucurbitas, quae maturitate ruptae ofteodunt 
I'anuginis pilsrs, ex quibus veftes pretiofo linteo faciunt. lb. c» x« 

t'iit ht^mf iml^ 979 fui.S^i XiXt)cl«*. T^ it xTm* tSto» i Xa^p^npot t9» 
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« 

they differed from the CotttHi^ which wc now Im- 
port from thence, and which are printed or painted^ 
i^ith a variety of Figures, and Gol<>ur8 far e:3tceediiii^ 
thofe which the Europeans have lately introduced 
in imitation of them. Thefe Manufa<a:ures Are not 
executed Jby the Mahometans in India, but by the 
Defcendents of its antient If^abitant-s ^ ; to which 
Race this Art of tinging Clothes with Various Co- 
lours, as well as that of plain Dying, feems to 
have been tranfmitted by their Anceftors. 

As this country was diftinguiflied for fttch WcM^ks, 
fo we find that it fupplied the Materials requiiite for 
their execution. Accordingly we are aiTured by Stra- 
bo that it abounded in Drugs, Roots> and colouring 
Subilances ^, and that from thefe ingredients adm^ 

miracle 

na^ ve»itf^i#. Arrian. Kerum Indicar. Edit. H. Stephan. 1675 » p. 179* 

^ *'*' Some of the reigning (Hindoo) princes trace their families, 
^< with cleaniefs, above four thousand years.—* Thefe countries, go- 
^^ vemed by natiye princea, which lay beyond the devaftations of the 
*^ Mahomedans, are rich, and cultivated to the faigheft degree. 
^^ Their governors encourage induftry and commerce ; and it is to 
*^ the ingenuity of the Hindoos, we owe all the fine manufa<3ures ia 
^« the Eaft/'— Dow. Hift. of Hindoftan, p. xxxvi. 

Strabo» 1. xv. p. 694, de India* 
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mirable Dyes were produced \ Pliny mentions fome 
of them> which bear a ftrong refemblancej both in 
Name^ and in Defcription, to thofe which ^we now 
receive from that part of the world. Among thefe 
18 a Subftance very iimilar in its Name, Colour, and 
Origin to the Indigo "*, ufed by our Dyers, the beft 
kinds of which grow in the Mogul's Empire. 

The 

Strabo, I. xv. p. 699, de India. 

"^ Ab hoc maxima autoritas Indico, Ex India venit harundinum fpu- 
mx adhserefcente //W ; cum teritur nigrum, at in diluendo mixtu-- 
ram purpuras caeruleique mirabilem reddit. Plinii, 1. xxxv« c. vi. 

Indii conferente fluminum fuorum limum. lb. c. vii. 

As the modern Indigo refembles the dying Ingredient mentioned 
by Pliny, in its appellation, fo likewife it appears to be the fame in 
refpefb to Colour : being, when undiluted, fo intenfely coloured as 
to appear black : while fome kinds of it are more pmple, and others^ 
bhier; each of them inclining to bluer or purpler hues, in propor^ 
tion as they are more or Icfs diluted. Our Indigo, in like manner,- 
is fimilar to that of Pliny in its Origin, for, ;is the Indigo of thefe 
modern times ms a Mud or Fxcula, formed from the putrcfa£Uon of 
a Plant in Water ; Pliny relates that the Indicum of the Antients- 
was a Mud adhering to- Plants in the Rivers of India : though, I 
think it is probable that, the Mud or Faecula of which the antienr 
Indicum confifted, was produced by the natural Decay of Vegeta-- 
bks,, funilar to the Anil, in thofe Rivera. 
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The red Refin, called Dragons-blood, by the an- 
tient as well as modern Artifts, was brought alio 
from India ". 

Befides thefe they appear to have ufed a purple and 
fcarlet Dye, refembling Cochineal in Colour, and 
in the manner of its produftion. Ctefias *, and af- 
ter him iElian ', give an account of the Infe£ts 
which yielded it, and of the Plants on which they 
fed. And much of it muft have been produced in 
that Country, as large* quantities were annually 
exported from thence \ From this material, it is 
probable, that they were fupplied with that abun- 
dance of Purple, which enabled even the common- 
eft 

f 

* Plinii. 1. xxxiii. c. vii.— — lb. 1. xxxv. c. vii. 

««C«pi. voltoK ^ *X'^ fJMk^vi ^o^fet, fAoKoMot ^i ifiif i^mif oic^htif, t^ yU. 
viTai ruvTct l^en tup h»^ci» rvf r^ SXcxIpoy fiporUrv* tu to» xa^or itc^rtMtt 

Ex Ctcfise India's, XXL 
P JEliiti dc Nat. Animal. 1. iv. c. xlvi. 
^ Ex Ctefiae Indicis, XXI.— iElian deNat. Animal. 1. iv. c. xlvi. 
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eA people among them to wear Clothes of that Co- 
lour '• 

Many ingredients of the Materia Tindtoria, which 
are ufed by the Dyers in Europe, are at prefcnt im- 
ported from India. 

That part of Afia, which is fituate between the 
Euxine and the Cafpian fea, and which now is com- 
prehended under the names of Georgia and Arme* 
nia, was alfo, from the earlieft antiquity, celebra- 
ted for this Art of dying Clothes with various Forms 
and Colours. Herodotus, in his defcription of the 
nations which inhabited Caucafus, a mountain ex- 
tending throughout this region ', affirms that they 
adorned their Clothes with the Figures of Animals, 
by means of Vegetables, ground and diluted with 
water, from which the moft durable Dyes were ob- 

d tained. 



Palladium de Gent. Indise U de Bragman. p. 43. 

Straboy 1. xx. p. 497, 
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taificfd *. Other Writers, who mention the i&me* 
Work carried on by this people, do not confine the- 
colouring matters to vegetables only "•. 

It is remarkable that the Art, thus defcribed by^ 
thefe Authors, continues ftill to be praftifed in that 
Country "', where, according to them, it flouriflied 

ia 

mv^fuwuf voXXa x^ TrarroTu It iwvr^ t^u o Kavxaa^. rot voXKa, warren 
i4 vXi}f ayfUi ^uctret, t> roTo't f^ hf^fta fix^ct rotnoit iHiii 9Mf%y(^pMck- 

Xm Iff »«» xaTAVff irvf ayOirra »fX^'* Herodot. !• i. CCUi. 

^ Tv9 y h^m «•ml^(»r•# iv^XC^^ ^m^^Jim^f hctiir¥^9 «x«7» t^ a^)^». 

StrabOy 1. xi. p. 513. 
* fiotii Hefodotds scik] Strabd fufther mark oat this Country, by the 
meiHioii of tbt rivet Araxes, wkick rons through a coaiiderable part of it. 

^ Erzeron, Capitale de la partis de VArmeniey qui appartient au 
Grand Seigneur. — La Garance qu' on y trouve en tres-grandc quan- 
titc, y vient de Perfe. Elle fert aux habitans d* Erzeron pour la 
Uinture de kur ToiUs. — — Tocat eft la feconde ville de VArmetiie 
Turc pour le negoce, Les toiles peintes font encore on grand objet 
de neo'oce. II eft vrai que celles de Tocat ne font pas fl belles que 
cclles de Perfe \ mats les Mufcovitcs et les Tartares de la Crimee 
pour qui elles font deftinees d'en contentent. II en pafle neanmoins 
que]qac3-unes en France ; et ce font celles qu' on y appclle Toiles 
du Levant. Savary Did. de Comm. Suppl. p. 640. 

I 
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in the remot^ft times : efpecially as the praiSlice of 
it^ from its difficulty^ has fooen confined to only a 
fmall number of place^^ £an>pus for the produdion 
of the neceflary materials, and for the Ingenuity of 
the inhabitaats in applying them to lhi$ Ufe* 

We find very early accounts of the Linen wrought 
in thofe Parts, and it appears from them that the 
Colchi, a nation bordering on the EajS^rn end of 
the Euxine, traded with Greece in that merchandize; 
ajaud that, from their employment in its Manufac- 
ture, which was aJfo exercifed by the Egyptians, 
both of them were judged to have derived their Ori- 
gin from one common Source *. From the relations 

d « ^ refpefting 

I have not fcnipled, amongft otber authorities, to cite this Work, 
which, tfaougb arranged In the form of a Didionary, •contains an 
authentic and exteniive account of the Trafficlc of the feveral Coun- 
tries, .of which the Writer was enabled to procure full information, 
froqi his ofiB/ce as Infpedor General in the department of Commerce 
in France. 

fiww ir^^f TV9 iCoXx*"» ^ A*yvWliei^* wf^sft^Uf ii^i. XTpor fuiro» iroi ri iCy 
S#p^rMeoir tiii^iOm. Herodot. 1, ii. cv. 

*Aiyv9T*tf( i/»f ay({|f»| mvi rUrav ir«r»vrr»i. Strabo, L xi. p. 498. 



« 
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refpedling the Indians^ which I have here ofFercd,^ 
I think it is apparent that they alfo may be ranked 
with thofe two Nations, not only from a Similarity 
in their antient Works of Linen, but alfo from their 
excellence in the fame fpecies of Dying, and fronv 
the extenfive Commerce fpr which^ each of them, 
was renowned. 

This Region ftill abounds in Flax : Mr. Toume*- 
fort obferved large quantities of that Plaiit, growing- 
in fcveral parts of Armenia and Georgia ^ : although 
it is at prefent negleSed by the inhabitants, who- 
prefer the ufe of Cotton '. It is probable, indeed, 
that the Clothes of this^ Country, which were an- 
tiently died with various Colours and Figures, were 
fuppofed by Herodotus to have been made of the 
latter Vegetable : for the word EIPION is conftant- 

y Tourncfort, Voyage du Levant, a Lyon, 17 17, Lett, xviii. 
p. 151, Lett. xix. p. 192. 

» Dans la Qcorgie, — On n* y mange, et on n' y bnl^c que de 

rbuile de Lin ; toutes les campagnes font couvertes de cette Plante ; 

mais on ne la cultive que pour la graine ; car on jette la tige fans 
la battre pour la filer: quelle perte? on en feroit les plus belles 

toiles du monde : peutetre auffi que ces toiles feroient grand tort a 

leur Commerce de toiles de Coton. 

Tourncfort V. du Lev. Lett, xviii. p. 174. 



^_^ 
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ly applied by that Writer, and others, to fignify 
Cotton: and the trees which bear that down are 
called EPIO^OPA; as in Latin, Lana and Lanigers 
are ufed in the fame fenfe \ 

Xenophon, however, who had fcen the People to 
whom this Art was afcribed, obferves that Linen 
was fo much in ufe among them, that even their 
Soldiers wore Corflets of that Cloth \ And Vale- 
rius Flaccus, whofe chief excellence feems to con- 
fift in characterizing thofe nations, diftinguifhes a 
Warrior flain at Colchis, during the Argonautic ex- 
pedition thither, by a painted garment \ and at the 
fame time fpecifies that his dreis was of fine white 
Lin^n '•. 

Dying 

* See 'the Notes * and > p. 21 above.— The word Lana figniiies 
any downy fubftance, as hair or feathers. So Lana leporina, lana 
anierina. 

Xenoph. Anab. 1. iv. 
This nation, of Chalybes (for there were many of that name) is 
placed by Xenophon between the Rivers Phafis and Harpafus, whick 
htuation anfwers to that of the Araxes, near its fource. 

^ Tenuia non ilium candentis carbafa lini, 
piftoque juvant fubtenfine bracae. 

Val. Flacc. 1. vi. lin, 226*- 
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Dying materials were here plentifully produced* 
Colchis was famous for it« fertility in Plants, and 
by their means Medea is feigned to have per- 
formed her Enchantments- Mithridates, whofe 
Kingdom was contiguous to it, was greatly cele- 
brated for his Skill in Botany \ The reft of 
this Trad of land afforded, dmoft every where, a 
foil luxuriant in Vegetables*. I have already fliewri 
that fome of them were, in the earlieft ages^ em- 
ployed in Dying, A modem Botanift, who vifitcd 
this country, and examined its Plants, confirms 
the£s accounts of iheir varie^ and abundance \ and 

informs 



^ Pllnii, 1. XXV. c. vi. lb. c. x. 

• Herbafque quas Colcbos • atque Iberia 

' Mittit. 

Horat. Epod. v. 
* Al : lolckes. 

For the fertility of Iberia and Albania, now parts of Georgia, 
fee Strabo, 1. xi. p. 500 — 528. 

vit ya^ rn yi xfutlai x»r a^iaf. vawla fAU ya^ ixfi^a-i xa^or, x^ rof 
ifA»pir€tTti9f iTMf ^ ^vr^ff xj y»^ t« attdaXn fipii* rtT^wii ^ iwtfAtKtUtf 
i£ /buxfcK* itc, lb. p. .502. 

^ On ne peut pas douter que ce ne foit un de ces quartiers de la 
•Georgie ou, fuivant Strabon, abondent toutes fortes de fruits que la 
terrc y produit fansCuIture-i— ^Tout le pays eft 'fertile en belles 
FhMfi9^ Touraefqrt V. jdu Lev. Lett, xviii. p. 159. 
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informs us that great quantities of them are ftill 
nfed in the very fame Species of Ikying to which, 
according to the Authors whom I have cited, they 
were antiently applied. For, more than two thou- 
fand Camel-^loads of Madder arc annually fent from 
Georgia to Diurbck and India, where the fineft Ca- 
licos arjB painted with it *. 

Minerals, applicable to the fame ufe, were alfo 
found here. Colchis furnifhed a red Subftancc, 
which was obtained from an inacccffible Rock with 
great pains **. It feems to have been a ferruginous 
Earthy refembling that. of Sinope in Colour, and 

ID 



> On Envoye tous I'es ans plus de deux mille charges de Chain&- 
aux, des environs de Teflis et du refte de la Georgie, a Erzeron de 
la racine appellee Boia *. D'Erzeron elle pafTe dans le Diurbequis,^ 
ou I'on Temploye a teindre des toil^s que Ton y fabrique pour la 
Pologne. La Georgie fournit auffi beaucoup de la meme racine 
pour rindoftan, ou Ton fait lis plus belUs tciUs peinies. 

Tournefort V. du Lev. Lett, xviii, p. 170. 

* Garance qu'ils appellent Boia. lb. p. in. 

miy. UMtretficihXeffk To^luerrif. Theophraft. dc lapid. ciii. 

Minium rcperiri — item ad Colchos in rupe quadam inacceiTa, ex 
qua jaculantes decuterent, id efle adulterum. Pliniiy U xxxiii. c. vii* 
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in its native ftate ^ : and it was called by the fame 
name which Thepphraftus and others give to the 
Terra Sinopica ^. In fuch Earths, as well as in 
other colouring matters, this region abounded, as 
well as the Euxine ', which wafhes its coafts. Ar- 
menia was formerly, as at prefent, diflinguifhed for 
its Bole, which is of a Red colour, inclining to 
Yellow. Thefe earths, from their impregnation 
with Iron, are extremely ufeful in Dying, and the 
moil beautiful Colours are ftill produced by them 

in the adjacent countries "". 

To 



' Sinopis inventa eft primum in Ponto, inde nomen a Sinope ur- 
be. ^jue /axis adhajstj excellit. — Species Sinopidis tres, rubra^ et 
minus rubens, et inter has media. Plmii, 1. xxxv. c. vi. 

"^^ Plinii, I. xxxiii. c. yii. — Theophraft. de lapid. xci. ciii. 

} TS }) Oorrff fea^m^ofUiwy Urt(p(^vm ri uara ro» ^E^X^omrrory o ««• 
Xtf0-r pvK^' in ^ ^XJ^^' tSto* o» is ftiat tvtb Atto* iifflu rS fvna' df' 
6 TO (pwiiot IiMBi.*— •^ou'i h n»if rSf $«XarlMtfp ae^ ri* W9^f{^»9 ta;^!!!* dwl 
rtyrtt rl mv^. Ariftot. de Hift. Anim. 1. vi. c. xiii. 



"^ Lea couleurs que les Teinturiers de Perfe donnent aux foyes, et 
aux autres matieres quMs emploient en 6tofFes, font plus vives et ' 
plus belles que celles des Teinturiers d'Europe.— Les drogues qu'ils 
^mployent pour leurs teintures font le Bol rouge^ &c. 

Savary, D. de Comm. vol. I. p. mo. 
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To this abundance of colouring materials^ and to 
the fame of the manufadbures carried on by their 
mean5> I attribute the ieveral antient Traditions 
which I have met with, relative to the fame fub- 
)cA in this part of Afia. Thus, Medea was efteem-^ 
ed the Inventrefs of a particular branch of the Art % 
and the Argonauts^ on their return from her Father's 
dominions, were fuppofed to have acquired fuch ex^ 
traordinary Skill in it, that, according to Ariftotle, 
even the Pebbles on the -Shores, where they had 
paiTed, were believed to have beeti tinged by them *". 
The prefent inhabitants of Georgia continue to fhew 
the moft fuperftitious regard to the fame Trade, and 
their Veneration for it has extended fo far, as to 
have become a part of their Religion '. 

The manner, in which the Egyptians executed 
this Art, is particularly defcribcd by Pliny "": and 

e we 

Clem. Alex. Strom. I. i. p. 225* 

• Ariftot, de Mirab. Aufcuk. lib. 

F Tourncforf Voyage du Lev. Lett, xvili. p. 175. 

1 Plngunt & veftes iBgypto inter pauca mirabili genere, Candida 
vela poftquam attrivere illinentes non Coloribus, fed colorem forben- 

tibus 
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we find^ from his account^ that the ttiethods ivhicH 
were employed, required much Skill in Chymiftry. 

The white Cloth, after having been prepared by 
drawing on it with colourlefs IngredientSi was fteep- 
ed in the dying Vat, which contained & Liquor of 
one equable and uniform Colour : Upon taking it 
out from thence, it appeared diverfified with various 
Dyes. 

The Statues of Ifis were habited in,fuch party- 
coloured Clothed ', which were doubtlefs of Linen 

or Cotton : for Woollen was fo much abhorred by 
the Egyptians^ that it was excluded from their 
Temples and Iijterments '. Their Averfion ex- 
tended alfo to the Flocks, and the Shepherds 

who 

tibu8 mcdicanrentis. Hoc cum feccrc, non apparet in vdis : fed in 
cortinam pigment! ferventis merfa, poft momentum extrahuntur 
pida. Mirumque cum fit unus in cortina colos, ex illo alius atque 
alius fit in vefle^ accipientis medicament! qualitate mutatus. Nee 
poftea abiui poteft: ita cortina non dubie confufura colores, fi pidos 
acciperet, digerit ex uno, pingitque dum coquit. Et aduftae veftes 
firmiores fiunt, quam fi non urerentur. Pllnii, !• xxxv. c. xi. 

' SroXAi kh fiu "itf-il^ ff-oixlXtfi rat^ pafaT;. Platflrch de IMc, p. 379. 
' *0v fj}* roi if 71 ta ifa Irfi^tTM u^Uwf && avyKolaia^llai ^1* i 

yi^ tffiQt, Herodot* !• ii. LXXXI» de ^gypto. 
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who tended them \ And it was for this reafbn 
that the family of Jofeph^ notwithflanding his iuf- 
fluence in the State, was forbidden to reiide among 
the inhotbitants, and confined to a feparate Diftric^. 
Thefe opinions ieem to have been founded on the 
Prohibition of the Uie of Animals, a doiftrine much 
inculcated in the Eaft, and borrowed thence by 
Pythagoras, who, on his return from Egypt, con- 
tinued the application of it to Cloathing, as well as 
to Food *• 

Linen, on the contrary, was there, from the re-* 
moteft Ages, univerially in uie. We find that, in 
the time of Mofes, the Land was employed in the 

e 2 Cultivation 

t (( For every Shepherd is an abomination unto the Egyptians/' 

Gen. c. xlvi. v. 34* 

" Etiamne cuiquam mirum tideri poteft, ea lineo texto invdverty 
quod puriflimum eft rebus divinis vclamentum ?.quippe lana^ fegnif- 
fimi corporis excrementum, pecori detrafta, jam inde Orphei be Py- 
thagorse fcitis, pro/anus vejittus eft. Sed enim mundiflima Isni feges^ 
inter optimas fruges terra exorta, non modo indutui & amidui fane- 
tiffimis ^gyptiorum facerdotibus, ied opertui quoque rebus ikcris 
inde ufurpatur. Apuleii, Apologia, Edit. Cafaub. p. 69. 

Philoftrat. 1. viii. c. vii, fee, v. 
Sec above^ p. 21, line 5 of the text. 
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Cultivation of Flax ^. This yielded four forts of 
Linen '. It formed the Drefs of the People ^, who 
were- hence called Grex liniger, and Turba linigera, 
and particularly of the Priefts *, and the Votaries of 
Ifis \ Lucian afcribes the fame habit to Anubis **. 
It became an article of Commerce in Egypt; for 
Jerufalem % Tyre *, and other places were fupplied 
from thence with this ^merchandize. The Fillets, 

with 

^ Exodus c, IX. V. 31. 
' Plinii, 1. xix. c. i. 

?^rm. Herodot. 1. ii. XXXVII. 

^Efh^vxMO'i ^i M^vfo^ A(ntf(— — lb. LXXXL 

* »E(r6JjT« ^e ^ogiWi ot l^im Xu«ur fi»i>i}v.— — Herodot. I. ii. XXXVII. 

* Tunc influunt turbae facris divinis initiatse, viri feminaeque 
omnis dignitatis & omnis aetatis, linteas veftis candore puro lumi- 
nofi.— Apuleii, Metam. L. XL de pompa Ifidis. 

^ iv i\ 2 TUvtow^ocwiy Kah Zty^ocii' \r»>^in ^Avyv^n^ 

Lucian. Dcor. Cone. fee. iv. 

« And Solomon had horfes brought out of Egypt, and linen 
Yarn : and the king's merchants received the linen Yarn at a price. 

I Kings c. X. V. 28. 

* Say unto Tyrus, O thou that art fituate at the entry of the (ez^ 
wl^ich art a merchant of the people,^— Fine Linen-^from Egypt was 
that which thou fpreadeft forth.— —Ezek, c. xxvii. v. 3 — 7. 
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with which the moft antient Mummies are boun4, 
refem^ble in their texture the coarfe Linen of Ruf^- 
iia % of which much is yielded by the parts of that 
Empire, which border on the Country, whofe Lir 
jien, as Herodotus reports, was like that of Egypt, 

Cotton was likewife uied by them, and the in^ 
vention of weaving it is attributed to one of their 
Kings ^ Pliny defcribes their Cotton plant, and 
mentions the particular placp where it was produ- 
ced '. 

I believe it will appear probable, from the fol- 
lowing work, that, in the Egyptian procefs of 
Dyijig, (he cplourlpfs niatters with which the Cloth 

r 

was 

^ The outward painted covering being removed, nothing but li- 
nen fillets were to be feen, which epclofed the whole Mummy. The 
uppermoft fillets were woven fomething after the manner of Ruilia* 
Shdeting. Phil. Tranf. ann. 1764, p. 5. 

^ ' Clem. Alex. Strom. L. i. p. 225. 

< Superior pars ^gyptl in Arabiam vergens, gignit fruticeni, 
quem aliqui Goffipion vocant, plures Xylon, & ideo lina inde fada 
Xylina« Parvulus efl-, fimilemque barbatae nucis defert fru£tum, cu- 
jus ex interiore bombyce lanugo netur. Nee ulla funt eis in can* 
dore moUitiave praeferenda. Veftes inde facerdotibus ^gypti grar 
tiffimae.-T— 'Plinii, 1. xix, c. u 
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was impregnated, previovjljr to its immerfion in the 
Vat, confifted of Acid and Alkaline liquors. At 
leaft, it is cafy to iniitate the Experiment by their 
means. And as the clothes, dius ftained, are faid 
to have been extremely durable, the Acids feem to 
have been of the Vegetable kind, which do not im- 
pair the Stuffs, nor diminifh their durability. For 
which reaibn, thcfe are at prefent ufed in the Edl 
for the fineft Dyes **. Alkaline Salts abounded here, 
and we are informed that they were applied to the 
Dyer's ufe *. The Nitrum of the Antients was evi- 
dently a fixed Alkali, as thkt word extended to the 
Vegetable fait procured from the Afhes of Plants by 
Lixiviation ^, as well as to the Mineral one which 
Egypt produced, and which is fufficiently characte- 
rized and diftinguiflied from the modern Nitre, not 

only 

^ Savary, D. de Comm. vol. I. p. mo. 

* In Nitro optimum quod tenuiffimum, & ideo fpuma melior. Ad 
aliqua tamen fordidum, tanquam ad inficiendas purpuras tirUluraf* 
qui ^/»««.*— Nitrariae egregiae Mgyptiis, Plinii, 1. xxxi, c. x* 

^ Cremati roboris cinerem nitrofum efle manifeftum eft. 

Plinii, 1. xvi. c. viii. 

Quercus optima, ut quae per fe cinere fmcero vim falis reddat : 
ita infufo liquore falfo, carbo etiam in falem vertitur. Quicunque 
ligno conficitur Sal niger eft.*— Plinii^ 1. xxxi. c. vii. 
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only by its readily forming Gkfs, when mixed with 
Sindy and cxpofed to the fire ; but by its corrofive 
quality ; by feveral of its medicinal effects ; and by 
ks remaining unaltered in the fire, even when mixed 
with Sulphur ^ . ' 

Egypt alfo afforded feveral other materials likewife 
applicable to the fame purpofe. Its Plants and Drugs 
are celebrated by Homer ", and are treated of by Pli- 
ny ■*, Strabo % and other Writers ; and it furnifhes, 
even, at prefent, many of thefe which are colouring 
Matters, fuch as Indigo and Lac ^, befides various 
Salts, and other Drugs neceffary to Dying. Amongft 
the minerals produced here, was a ferruginous Earth '', 
of which the Utility has been already remarked. 

Painted 

' Plinii, I. xxxi. c. x. et L xxxvi. c« xxvi* 

Horn. Odyf. lib. iv. 1. 22gt 
» Plinii, *!• xxv. c. ii, 
^ Strd>o, 1. xvii. p. 809. 
f Savary, D. de Comm. vol. I. p. 1029* 

1 Ex reliquis rubricas generibus, fabris utiliiEma ^gyptia.T-^Fic* 
turis autem apta nafcitur in ferrariis metallis. £x ea fit Ochra. 

Plinii, 1. XXXV. c. vi« 
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Painted and printed Clothes, as well as plaiil Li- 
nen and Cotton, are alfo at this day imported fron^ 
Egypt'. And thus it appears that each of thofe 
Countries, which formerly carried on this ingenious 
Art in the earlieft Ages, have continued in the prac- 
tice of it down to the prcfent time. 

Several parts of the Levant alfo excelled antiently 
in the Tapeftry or Carpet Manufadlures, and exe- 
cuted thefe in the fiiieft Colours ; employing fome- 
times the Needle *, and fometimes the Shuttle ', as 
we find they continue to do at prefent. 

But amongft the countries of the Eaft, which 
pradtifed Dying, the Phoenicians were the moft 

celebrated s 

' Savary, D. de Comm. vol. I. p. 1029. 

■ Non ego praetulerim Babylonica pifta fupcrbe 
Texta, Semi/amia quae variantur acu. 

Martial. 1. viii. ep. 28. 

^ Hxc tibi Memphitis tellus dat munera : vi<5ta eft 
PeAine Niliaco jam Babylonis opus. 

Martial. 1. xiv. ep. 150. 

Colores diverfos pidlurae intexere Babylon maxime celebravit, & 
nomcn impofuit. Plurimis vero liciis texere, quae polymita appeU 
lam, Alexandria inftituit.— -^Plinii, I. viii. c, 48. 
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cdebrated; particularly for their Purple Colour. 
And fo great was the demand for this article^ 
that Strabo tells us the City of Tyre was grown 
to a vaft extent, from the number of workmen em*- 
ployed in its Manufacture "• Nor was it only in 
his time that they attained fuch great excellence in 
that Art. They fcem to have poffeft it even from 
the earlieft Antiquity ; infomuch that the Origin of 
the Purple Dye was afcribed to Melcarthus, the 
Hercules of that Nation. 

The Books of Mofes make frequent mention of 
Ornaments compofed of Blue^ and Purple, and Scar- 
let^ ^ which Colours are there conftantly arranged 

f in 

Strabo, 1. xvi. p. 757. 

^ •< And thou {halt make a vail of blue^ and purple^ and fcarletJ^' 

Exodus xxvi. 31. 
** Aholiab — an embroiderer in blue, and in purple, and in fcarlet,*\ 

Exodus xxxviii. 23. 

The ftme Colours, arranged in the fame Order, occur in the 

following parts of Exodus xx v. 4. — xxvi. i, 31, 36— xxvii. 16— 

' xxviii. 6, 8, 15 — xxxv. 6, 23, 25, 35— xxxvi. 8, 35, 37 — xxxix. i, 

2, 3, 5, 8, 24, 29.— After an interval of feveral Centuries from the 

period defcribed in this Book, we find that the Colours, employed in 

the 
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in the fame Order: And it appears to mc to be 
worthy of notice, that this Order is the regular 
Prifmatic Series of thofe Colours ; and that each of 
them may be produced from one and the fame In"- 
gredient, as I have fliewp in fevpral parts of the 
following Work. 

The animal juice, from which the Tyrians pro-* 
cured their Dye, afforded all thcfe Colours : Altho' 
the fame matter was employed in the production of 
the different gradations of each ""• For we are in- 
formed that it yielded a Rofe-colour, or pure Red, 
of -a lighter or darker Cafl, according to the Dilu^ 

tion 

r 

the facred Ornaments of the Temple, are ftil! mentioned in'tbe Tame 
Order-i only a flight variation is made in the appellation of the rc4 
Colour : " And he " (Solomon) made the vail of Blue^ and Purple^ 
and Crimfon^^ 2 Chron, iii. 14. The word Scarlet is gcrierally ufed 
to fignify a bright Red : Plirty exprefles by it a Rofe-Colour, '* Coc* 
cus, **qui in rofis micat," 1. xxi. c. viii. The deeper, pr more in- 
tenfely coloured Reds are called Crimfon: thus blood is (aid to beef 
that Colour, when in a mafs^ but when diluted, or fpread thin on a 
white furface, it is of a bright Red. The intenfer hue pf the Tyr 
rian Dye was preferred. See the following note ^y p. 43. 



lia, 



Concharum ad Purpuras, et Conchylia eadem quidem eft mate- 
fed diftat tempcramento. — Plinii, 1. xja, c. xxxvi. 
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tioA or Intenfenefs of the colouring matter''; that it 
alfo gave a Violet or Purple ', and likewife a Blue*. 
Many parages relative to this fubjedt, befides thofe 
which I have here cited, .are difperfed through the 
Works of antient Authors. Ferrarius thus recapi^ 
tulates what Pliny has related concerning it : *' Ex 
'* Plinii verbis tria Purpuras genera ejus interpreted 
** rcdle ftatuerunty (ingula florum colores provocan- 
** tia. Primuxn coccineum, eundemque rofeum Tyria^ 
*' runif ac dibapharum peculiarem, de quo idem 
*' Plinius : Laus ei fumma color fanguiijis concreti 
/* nigricans afpe<5tu, idemque refulgens. Secundum 

f 2 *^ Ametbyftinum 

7 Purpurx florem ilium tingendis expetitum Veftibus in mediis 
liabent faucibus. Liquoris hie eft minimi in Candida vena, undo 
pretiofus illc bibitur nigrantis rofa colore fublucens, f 

Plinii, lib. ix. cap. xxxvi. 
Vellus elutriatum mergitur in experimentum. £t donee Tpei fa* 
tisfiat, uritur liquor. Rubens color nigrante deterior. 

lb. 1. ix. c. xxxviii. 

* Summa medicaminum in libras vellerum, buccini cc, pelagii cxi. 
Ita fit Amithyfti color eximius ille. — lb. 

Alius in malva ad purpuram inclinans. Alius in viola fcrotin*^ 
conchyliorum vcgctiffiitia. — Lib. xxi.*c. viii. 

■ Unde conchyliis pretla, queis virus grave in fuco, color auftc- 
ms in gkucOf U irafccnti fimilis mart ? — Lib. ix. c. xxxvi» 
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^^ Ametbyjlinum violdrum amulumy coloris nempe 
** violacei faturati. Tcrthim conchyliatum, cujus 
" colorem in univcrfum ait fuiffc Plinius auflerum 
" in glauco^ & irafcenti iimikm rnari^ .id eft cceru-- 

The Experiments made by modem Obfervers on 
the Liquor of the Buccinum and Purpura, fliew 
that the fame Colours are capable of being obtained 
from it by Chymical means *. 

I am induced to think that the Blue, Purple, and 
Red Colours, fo frequently mentioned in the Scrip- 
ture, were the produdl of Phoenicia, as well from 
thefe Circumftances, as from the Antiquity of the 
Dying Manufadtures eftablilhecl in th2^t Country;; 
where they feem to have flouriflied long before the 
foundation of Tyre. Melcarthus, to whom the 
Difcovery of the Purple Dye is afcribed, preceded 
that Period many ages ^ Homer, who makes no 

mention 

* Fcrrarius de Re Veftiaria, 1. ti. c. vii. 

« Mem. de TAcad. R. des Sciences, de Paris, ann. 171 1, par M. 
de Reaumur.— lb. ann. 1736. par M. du Hamel. 

' Cumberland, Orig. Gent. London, 1714, p. 114.-— ^Phoen. 
Hift. p. i6o. 
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mention of Tyre% on account of the recency of its 
fettlement at the time of the Trojan War, fpeaks 
neverthelefs of the variegated Clothes of Sidon, as 
•Works of great magnificence, which fecm to have 
required much Skill in the art of colouring the ma- 
terials employed in their fabrick ^ Sidon wa$ alfo 
at a later date efteenied for its Purple '. 

On this fubjeft, a remarkable agreement is found 
between the facred and profane Accounts of the 
carliefl: Times. For Jofeph, in the neighbour- 
ing Land of Canaan **, wore a Coat of many Co-- 

lours, 

m * 

* '0» fciy oc/ir «ro»i}r«iy *Af XMita ri6^t;XXqte«j'f fioAXor. V)fUt^<^ ^ «tli 

lAifinlai T?k Ti;^».— ^trabo, 1. xvi. p. 756. 

f "Efd* war 01 VfiDAo* vaftvotxiXofy *^^ yvtamSw 

"Hyctyt StJbttntiy. Iliad. L vi. liD. 2^9. 

s Lanap Amethyftlnx. 

Ebria Sidonia cum fim de fanguine conchy, 
Non video quare fobria lana vocer. 

Martial, 1. xiv. ep, div* 

•» The Canaanitcs and Phoenicians were originally the fame pco^ 
pie. Cumberland, and other learned Writers of facred Antiquity, 
conftantly^ufc thefe names as fynonimous : and Herodotus includes, 
under the common appellation of Paloeftine, Phoenicia with the reft 
of Syria, and the whole country as far as to Egypt. — Herodot. 1. vii, 

c. l^cxxi^. 
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lours\ And, at the fame period^ fluffs dyed Red* 
appear to have been there in common Ufe ^. ' 

Egypt was, in the remoteft ages, frequented by 
the Ships of PhcEnicia. Herodotus * relates that 
the in^habitants of that Country, immediately after 
their fettlement in it, fent their Fleets to traffic 
with the Egyptians; and Strabo mentions their 
Works of Purple, as equal in Antiquity to their 
cxercife of Navigation "*, of which art .they were 
the Inventors ". In the Odyfley, the Commerce 

between 

^. IXXXIX.— 'Sroi Ji 01 <^oiv(xc( rot7a>.aior oiKsor (<^( eivroh >JyHa*) s«« rS 
rar* r^c ^i £v^»i}( twto to ;(*;^(o» n^ to H'^Xi^ ^Atyvtrrti ««», HmKoufUn 

* Genefis, c. xxxvii. v. 23* 

* lb. c, xxxviii. v. 28. 

* (pomx^'-^ oixia-atretf tStof T^r x*'^o» Tof «ic^ »t/» onciBcitf ATTIKA tavlf^ 

Herodot. 1. i. I. 

^ T? Tf yat/7iX»a, xaO* %» ufffetftyt rSt *At) K^i^mq Ucr) Koi»ji ^o(mki(^ 
*r«» TOK no^w^toij.—— Strabo, 1. xvi. p. 757. 

* 'o) ir^Arro» titcff%9 Iwu^iaarro ^a>M9'<niqf 
n^atoi y if(«'t^»i9f oAf^r/O* if4.9ia'afT9» 

Dionyf. Perieg. lin. 9o8« 
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between thefe Nations is alfo noticed ** : and it fub^ 
f fled after Tyre had attained to its height^ from 
whence its principal Port was called the Egyptiai^ 
Haven ^^ 

Phoenicia^ which fignifies a Red Colour, appears 
to nje to have taken its name from the Dye, for 
which it was fo renowned. Many antient Writers 
derive that Appellation from the Colour of the Red 
Sga, from whofc Coafts thjs people are faid to have 
migrated'': but the mod judicious of them juftly 
explode that Etymology', without, however, fub- 
Aituting any other in its place, I therefore think 

that, 

• bdyff. 1. xiv. lin. 288. . 

if x^2crir.— -Strabo. 1. xvi, p. 757. 

'i *0« ^ «^^( tyyvi lom^t ItirutviAlviP ^oUwu 

Dionyf, Pcrieg. lin, 906. 
Sec alfo the preceding Note >», p. 45. 

' 'OfAotoi y ita) TBTOKf »«J «* Xi^opMi ir T? xotia Uifo-a^ BdXarrfi ^inyi" 
^irot, n »Ww)6{ ire r5 Slmave, kJ rhi ^omxc^ ^i ofMwi;. Tnc ^ ^w^ric^i 
a»r»of «» iXap^irw *rh to if«»T»5^0flW aA^i^0K TB? Xiyofl»f, '0» f^h ya^ 
tu Ttff 4»oi»xcK» >^ '^*'f Yt^otia^ T»( xaO* fif'^ amoMSf iV9»^ tup ly rf 

Strabo,, 1. i. p. 42. 
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that, agreeably to the frequent cuftbrti of nations^ 
this country was diftinguifhed by the name of its 
original, and moil antient, Produce and Manu^ 
fadure. 

As it appears probable from thefe confiderations, 
that the Jews obtained thefe Colours while they fo- 
journed in Egypt, fo I attribute the peculiar Fre- 
quency with which they are mentioned in Exodus, 
to their having poffeiTed themfelves of them before 
they departed from thence, in the manner detailed 
in that Book. Wc afterwards find that Soloijion 
procured thofe Dyes immediately from Tyre, by 
permiffion of Huram, who reigned there *, 

The regular Arrangement of thefe Colours in 
their Prijmatic Order, fo conftantly obferved, not 
only in the numerous recitals of them in the earlier 
parts of the Scripture, but in the Accounts which 
relate to the ufe of them, after an interval of many 
Ages, cannot, I believe, have been made acciden- 
tally, or without defign : but muft have arifen from 
an accurate Knowledge of the Subject. 

And 

■ % Chron. c. ii. v. 7, 14. 
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And I am the more confirmed m this opinion, 
by the Teftimony of thofe antient Authors, who 
aiTure us that the Phoenicians, who fupplied thefe 
Colours, were not more renowned for the produc- 
tion of their Dye, than for the Skill of their Philo- 
fophers, amongft whom Mofchus, before the time 
of the Trojan War, cultivated the Doftrine of 
Atoms * already . treated of; the Connexion of 
which, with the Differences and Gradations of Co- 
lours, appears throughout the following Work. 

This Country poflefled many natural advantages 
for qualifying it to arrive at- a very high degree of 
excellence in the Art of Dying. Its Coafts afford- 
ed the Shell- fifti, from which their principal Dyes 
were obtained. And as its numerous Fleets, and 
extenfive Commerce, opened to it a communication 
with the moft diftant Nations of the World, it was . 
enabled to procure from thence whatever was nccef- 
farv to its Manufadures. 

g It 

hT Uoffultifiif vn'ti<ruh not rl irtf)) -t«» aro/**;? ^oyfMtf w-aAaiw irtt «»- 

Strabo, 1. xvi. p. 757. 



1 



PREFACE. 



It is well known that the Phoenicians rcforted fo^ 
Britain, at a very early period of Hiftory: and I 
think it very probable that the Tin^ which they 
brought from this Ifljind, was ufed by them ki 
Dyings as we find this Metal is neceflary to the 
produdion of Red Colours, whether from animal 
or vegetable materials. 

We learn from the teftimony of Pliny, who gives 
us the proportion of the Ingredients, and many 
other particulars relative to the Tyrian Dye, that 
the Vat in which it was boiled, was made of Tin ■ : 
** Fervere in Plumbo." And it is manifeft, from 
many paflages in his writings^ that by Plumbum 
he here means Tin. For, ac^cording to him. Plum- 
bum was divided into White and Black; the former 
of which was the moft valuable, and to that he at-* 
tributes the Names and (J^ualities of Tin ; although 
he'generally, on account of its . excellence, calls it 
Plumbum^ omitting the Epithet Candidum. 

Thus he informs us that the Infulas CaJJiterides 

received 

*' Fervere in Plutnbo, luigulifque aquae amphoris centenas atque 
quinquagenas medicaminis libras aequari, ac modico vapore torreri^ 
U ideo longinquae fornacis cuniculo.— Plinii, I. ix. c. xxxviii. 
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received their name from this Metal " ; that it was 
known before the time of Homer, and was called 
by him, and by the Greeks in general, Caffiteron ' ; 
that it was the Metal ufed in foldering Lead % for 
which purpofe Tin is ftill employed by the Plum- 
bers. The operation of Tiiining, by its means, 
is alfo defcribed '. The Plumbum nigrum is re- 
prefented by him as common Lead, out of which 
Pipes and Sheets were formed \ 

That in thefe Arts the Eaftern Nations had at- 
tained to a great Superiority at a very early period, 
appears from a comparative view of their ilate in 

g 2 Greece 

^ Sunt Infulae CaJfiteridesiX&m a Graecis a fertilitate Plumbi. 

Plinii, 1. \v. c. xxii. 
Plumbum ex Caffiteride Infula primus apportavit Mediacritus. 

lb. 1. vti. c. Ivt. 

' Plumbum'2\\yMvtL habuit autoritatem & Iliacis temporibus, tefte 

Homero, Caffiteron ab eo didum. lb. 1. xxxitr. c. xvi. 

Plumbum prctiofiflbnum candidum a Gnecis appeUatum Caffkertm^ 

lb. 

y Jungi inter fe plumbum nigrum fine albo non poteft.—Ib. 

* Plumhtm album incoquitur ttms operibus, Galliarum inveftto, 
ica ut vix difcemi queat ab argento, ^que incoftilia vocant. 

lb. cxvii* 

^ Nigro plumbo ad fiftulas laminafque utuntttr.— lb* c. xviir 
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Greece much later ; for Herodotus profeffes that he^ 
is intirely ignorant of the Infulae Cafliterides **, 
when they had long afforded materials for extenlivc 
Conamerce and curious Arts. to the Phoenicians.. 

The Ufe of the Tyriaa Dye fubfifted, till the 
unreafojiable Jealoufy of the Eaftern Emperors put 
an end to this, with almoft all other produiftions of 
Art, For weakly judging that their Dignity de- 
pended on the Colour of their Cloaths, or the ma- 
terials of which they were made, they prohibited 
the Ufe of every thing that was worn by fhemfelves. 
We have, in the Juftinian Code, the Laws, hy 
which Gold, Jewels, Silk, and other Ornaments, 
are forbidden to be wrought, except within the 
walls of the Palace. And this Order was fo figo- 
roufly enforced, that it was made a capital Offence 
even to prefent the Emperor with fuch gifts *". The 
Manufactures of Purple, which till that time had 
fo greatly flourilhed,. did not efcape the bad effe<9s 
of this Monopoly. The Laws are extant by which 
private perfons . are forbidden the Ufe of that 

Dye, 

Hcrodot 1. iii. CXV. 
^ Cod. 1. xi. tit. viii. xi. 



P R E F A e £• Uii 

Dye S or any other rcfembling it% under the pe^ 
nalty of treafon : and the Fairs where it had ufually 
been fold were fupprefled \ 

Such impolitic regulations bccafioned a quick 
decay of thefe Works in the Eaftern Empire. 
This inconvenience, as far as it related to their 
perfonal ufe, the Emperors at length faw, and 
endeavoured to remedy, by obliging the Depen- 
dents of the Tyrian Dyers, as well as other Artifts, 

to 

' Quae tinAa conchylio, quae nullius alterius permixtione con- 
t^xta Aint: proferantur ex aedibus, tradanturque tunicae aut pallia 
ex omni parte texturae cruore infe£ta conchylii. Nulla ftamina 
fubtexantur tin£la conchylio, nee ejufdem infe£tionis arguto pedine 
folidanda fila decurrant: reddenda serario olobera veftimenta virilia 
protenus ofFcrantur. Nee eft ut quifquam de abjurato pretio con« 
queratur : quia fufficit caicatae legis impunitas. Ne quis vero nunc 
hujufmodi fupprefSone in laqueos novae conftitutionis incurrat: ali- 
oqui ad iimilitudinem laefae majeftatis periculum fuftinebit. 

Cod. 1. xi. tit. viii. 

* Vellera adulterino colore fucata, . in . fpeciem facri muricis ia<- 
tihgere non iinimus. lb. 

' Purpurae nundinas, licet innumeris fint conftitutionibus prohi- 
bltae, recenti quoque interminatione vetamus : & ideo feptimum de 
fcrinio exceptorum — ad baphias Phcenices per certum tempus mitti < 
prscipimus, ut omnis fraus eorum prohibeatur folertia, timentium • 
ne quaefitis longo fudore ftipendiis careant. lb. 
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to pradlife the Trades of their Anccftors * : a Policy 
which did not, however, prevent the total Lofs of 
this, and all other Arts, in thofe parts of the em- 
pire, where thefe Prohibitions prevailed. 

The Colouring and Preparation of Leather, in 
which feveral Parts of the Levant ftill excel, were 
praftifed in the Eaft fo early, that Sims dyed red are 
frequently mentioned in the Books of Mofes, amongft 
the facred Ornaments : and other inflances of the 
antient cxercife of fuch Works frequehtly occur. 

4 

I have thus endeavoured to trace thefe Manufac- 
tures, from the remoteft Antiquity. To fome Rea- 
ders the Confi deration of them may appear of little 
, Confequence or Utility : but if we view them as 
Objedls of Commerce, and reflect on the relation 
they bear to Sciences which give great Superiority 
to the Countries where they are found out or culti- 
vated, we (hall ceafe to look on them with difre- 
gard, and fhall rather imitate the Wifdom of an- 
tient nations in the Refpedl which they paid to the 
Authors or Improvers of them. It was thus from 
a fenfe of the great national Utility of their Purple 
Dye, that the Phoenicians attributed its invention, 

which 

< Cod. L Xi. tic. viu 
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which was the principal Foundation . of their Trade 
and Wealth, to the chiefefl of their Gods. 

Amongft the feveral Arts^ which owed their Ori- 
gin to the Knowledge and Ingenuity of this People^, 
that of making Glafs was one of the mpft confi- 
derable: and the execution of it required no lefs 
chymical Skilly than that which has been laft exa-* 
ipined; efpecially when colouring matters were 
added to the tranfparent Mafs. As that Country 
originally exercifed thefe Works, and furnifhed the 
Sand which they required \ Sidon formerly excelled 
in them ^ 



They were likewife carried on in other Parts of 
the Eaft. In India glafs was antiently made of 
Cryflal "". The Egyptians alfo had fuch Manufac-' 
turcs, at a very early date. Strabo, who viiited 
Alexandria, was told by the Workmen there that 

their 

* Plinii, 1. xxxvi. c. xxvi. 

vtOiirif AfAfAov* irrA&dtf /ih tff fa^) fi^ ;^fr<rOar xo^io-Oinrftv }i •»« £i^oira 

Imtnuitiat IK x^i9, Strabo, I. xvi. p. 75 f. 
^ PUnii, I. xxxvi. €• xxvi» 
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their Country afTorded an Ingredient, without which 
the beft Glafs, and particularly that which is co-- 
louredy could not be made ^ I do not doubt that 
this Tieceffary material was the mineral Alcali, which, 
as has been already remarked, was found there in 
jgreat abundance ". 

The Teftimony of Hiftorians on this fubjedl is 
confirmed by feveral antient Egyptian Reliques ftill 
extant. Among thefe I have feen varioufly colour- 
ed Glafles, fome of which are in my own poflelSion. 
And there is, in the Britifli Mufeum, a Mummy 
of great Antiquity which is covered with fuch 
Beads. 

Several fmall Figures frequenfly found depofi- 
ted with the Munimies, which they refemble in 
Shape, are covered with a blue Glazings fimilar to 
that of the Chineie Porcelain. I have examined 
fome of this blue Covering taken from two of thefe 
Egyptian Figures, by mixing it with feveral vitre- 
ous fubilances, and expoiing it to a confiderable 

heat 

i4uvaq ttvoIiAfcad^Fai. Scrabo> ]. xvi. p. 758* 
•» See p. 38 above. 
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Tieat in clofe crucibles.: from which trials it did not 
ieem 16 differ from Cobalt. 

There U a paffage in Theophraftus, which ap- 
pears to me to relate to this Subjedl. That Author 
having mentioned the Cyanus^ a biue'^ mineral Sub- 
ftance, capable of prcferving its Colour in the Fire, 
adds, that the Egyptians ufed a faSiitious Sorf in- 
vented by one of their Kings ". Naturalifts agree 
that the Cyanus is the Lapis Lazuli of the Mo- 
derns **. And this opinion is confirmed by the ac- 
count given of it by Pliny, who informs us that 
it was of an azure colour, (colore cceruleo ^) and 
that it was fometimes variegated with Gold Duft **• 

Ultramarine confifts of this Stone pulverized, 
cither with or without the Affiftance of the Fire, as 

h . the 

XxcvMrof y 'Ajyt/WT*^. kJ o» ypti^oiiii rot wrip* t«? QcuriXu^y »^ t5t« 
yfo^Hffi^ r{( vcui^ pa^iXtvf twavnan rtj(t'ffov Yivxiiofy fufxi^crafjitt^ Tor av 
Ttxpvri. Thcophraft. dc Lapid. XCVIII. 

^ Lapis Lazuli, Cyanus Graecorum, Stellatus Mefues, eft lapis 
petrofus, moilior, coeruleus, ut plurimum pyritae pundis notatus. 

Baumcr Hift. nat« Lapid. § cixy, * 

P Plinii, r. xxxvii. c. ix. 

"^ Ineft aliquando & aureus pulvis. lb. 
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the Pigment prepared from the blue Mineral Is die— 
fcribed by Theophraftus '• This is ufed as a Colour 
in Enamel, as well as in other methods of Painting. 
But the preparations of Cobalt exceed, in ufe and 
beauty, tbofe of Lapis Lazuli, in Works which 
undergo a confiderable degree of Fire. 

I think it very probable, from hence, that thfe 
fadlitious Blue, difcovered by the Egyptian King, 
and afterwards ufed inftead of the Original, was a 
Glafs or Enamel tinged with Cobalt, fuch as is now- 
employed in Europe and China \ Pliny, who ge- 
nerally adds to his Quotations from Theophraftus^ 
fome cJircumftances which illuftrate them, gives this 
defcription of the Invention : " Cyanus adulteratur 
** maxime tindlura, ^ idque in gloria regis iEgyptii 
^^.afcribitur, qui primus eam tinxit." Lib. xxxvii.. 
c. ix. As this inftrudtive Author ufes the word 
TinSlura, to fignify the Compofition by which the 
Cyanus was adulterated, I was perfiuded that the 

application. 

Theophraft. de Lapid. XCIX. 

' Du Halde informs lis that Lapis Lazuli abounds in that Coun- 
, try : perhaps it was there applied to the Painting of Porcelain, be- 
fore the introdu6lion of Cobalt. 
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application of this Expreflion, if found in other 
parts of his Work, would point out the particular 
matter to which it alludes. Accordingly it appears 
from the paffage here cited', that it means G/^ 
tinged with Blue, or other Colours : fuch as the 
Blue Enamel or Glazing of Porcelain and other 
earthen ware, which confifts of Glafs coloured with 
Cobalt. I therefore think myfelf aathorized, from 
thefe considerations, to trahflate the Sentence thus : 
^' The Cyanus is chiefly adulterated by a tinged 
'* Glafs y and the merit of the Invention is afcribed 
^^ to an Egyptian King, who firft tinged that fub- 
^* ftance/' It is probable that Democritus, on his 
return from hence, brought into- Europe the Me- 
thod of making coloured GlafTes, and thereby coun- 
terfeiting Gems : as we are told that they were in- 
vented by him % but certainly might more proper- 
ly be faid to have been introduced by him. 

h 2 The 

* De origine Vitri, & ratione faciendi, & de obfidiano Vitro.— 
Fit & in Tin^ttTit genere obIidianum$ ad efcaria vafa totum Fubens, 
Vitrum^ atque non tranflucens, haematinon appellatum. Fit & al« 
bum & mnrrhinum, -aut hyzcinihos fappbiro/que imitatum, & omni- 
bus aliis coloribus. Nee eft alia nunc materia feqtiacior, aut etiam 
pleura accommodatior. Plinii, 1. xxxvi. c. xxvi. 

^ Excidit porro vobis eundem Democritum invenifle, quemadmo^ 
dura Ebur poliretur, quemadmodum decodius calculus in fmara^ 

dum 
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The Ghymical Skill of this Nation appears al(a* 
in feveral other inftances,. and particularly in the. 
application of Aromatics, Refins, Salts, and other 
materials, to the Prefervation of Animal and Vege- 
table fubftances. I fliall, however, only obferve. 
on this head that,. after an interval of fo many Ages,, 
not only the Painting with which thefe Antiquities , 
were adorned continues ftill unimpaired, but Plants, , 
remaining perfedl and entire, .are ibmetimes found* 
enveloped ia them.. 

During the examination of a Mummy, which, 
was infpeded by fome learned Members of the . 
Royal Society % I had an opportunity of obferving. 
that a bulbous Root, together with its outer mem- 
brane, . 

dum convcrteretur, qua hoJieque co£liira inventi lapides codilcs. 
colorantur. — Seneoc, Epift. xc. 

I have not fcrup^ed to give to the words lapides coHiks this con- 
flruftion. For experience (hews that Flints, Pebbles, or other 
Stones cannot, by being boiled in any Liquor, be made to imitate 
coloured Gems. But fuch vitreous Stones, by being expofcd to a 
fufficient heat, with a proper Flux, are capable of being melted apd 
boiled : by which means they become GA?/}, and by the addition of 
colourin^^mattcr counterfeit Gems. The word co£lUis is often lite- 
rally ufed in this fcnfe, to fignify earthy or vitreous fubftances ex- 
pofed fcrfe to a great heat: thus Brick walls arc called mxxu coRiku 

^ Philof. Tranf, ann. 1764. 
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Brane, inclofed by the fillets which bound one of 
the feet, retained its natural Colour and glofly ap- 
pearance. Nor could it have been diftinguiihed, 
by the fight, from fuch a Root frefhly taken from 
the ground in a State of Vegetation, And this is* 
not the only Account, of the Colour and Frefhnefs 
of Plants thus preferved, for Profper Alpinus gives 
a fimilar inftance ""^ which is qiioted -in the Paper 
here referred to. 

I have thus traced fuch of the antient Arts and: 
Manufa<Sures as dealt in the Management and Ufe 
of colouring Subftances : in each of which much 
chymical and philofophical Skill -feems to have been' 
exerted. And in the purfuit of this Inquiry, the 
Subjedt appeared to me to be ftill' more worthy of 
notice from the frequent inftances, which it affords, 
of thjs Permanency of thefe ufeful Works from the 
remoteft Ages to the prefent time, in the Countries, 
whiere they were originally eflabliflied. 



* Incredibile diftu, rami rorifmarini qui ' una cum idolo invenii 
fuerunt, folia ufque adeo viridia & recentia vifa fuerunt, ut ea die 
a.planta decerpti & pofiti apparuerint. 

Profper Alpinus Rer. ^gypt. 1735, p. 36. 
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I (hall proceed to obferve^ that the Oriental Na- 
tions continue the pradlice of many of thefe, fome 
of which we have borrowed from them, while others 
ftill remain unknown to us : And that Chymiftry 
in general was derived to us from them. 

Upon our difcovery of China, the moft Eaftern 
part of Ajfia, we found that Nation poffefled of 
Gunpowder : a^ Compofition which could not have 
been made without a confiderable Knowledge of 
that Science. Dying alfo, and methods of prepa- 
ring Colours, have been conftantly exercifed there, 
as well as in India ; and thefe in fo perfeA a man- 
nei:, that we have not hitherto been able to equal 
them. Miany Salts, which are the principal Ingre- 
dients in various procefles, were originally Produc- 
tions of the Bail, and continue to be imported fromi 
thence: as Nitre from India, and Sal Ammoniac 
from Egypt; the Europeans not having, even at pre- 
fent, attained a fufficient facility in their formation^ 
to fupply the quantity required for their own Ufc. 

Several other chymical Operations, in which we 
are unpradtifed, are carried on by the Aiiatics^ 
among thefe are the Preparation of inflammable 
Spirits from Milk; the various Combinations of 

Metallic 
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Metallic matters for ufe and ornament^ in which 
they peculiarly excell ; and to theft may be added 
the Manufactures of Porcelain; the Compofition 
and Application of Varniihes ; and many others 
which are as yet imperfeftly imitated by us. 



Nor was the fuperior Skill of this Part of the 
World confined merely to the PraSiice of fuch 
Works; for, at the time when. Arts and Learning 
were loft in Europe, we find that they flourifhed ia 
the Eaft. It was at that Period, that the firft extant 
Books of Chymiftry were written by Geber, in the 
Arabic Language : and this Oriental Author treats 
his fubjeft, in a manner which fliews that it was 
not recent or unfamiliar in his Age and Country.. 
Boerhaave, fpeaking of his Works, fays, that "they 
** contain abundance of curious and ufeful things 
about the nature of Metals, their purification,, fu- 
fion, malleability, &c. with excellent accounts 
of Salts, and Aquae Fortes. Several of his Ex- 
periments are verified by prefent praiflice, and 
^ have paffed for modern Difcoveries : the exadnefs 
^ of his Operations is really furprizing, except per- 
•* haps in what relates to the Philofopher*s Stone." 

After 
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After Geber, who lived in the feventh Century^ 
•Chymiftry continued long confined to the Eaftern 
Nations, among whofe Authors in the eleventh, 
Rhafes, Avicenna, and others, who united the ftudy 
of Medicine and of this Art, preceded any Wri- 
ters, on that Subjeft, in Europe. 

The Countries in which Learning chiefly ilourifh- 
ed, in that age, are enumerated in the following 
pafTage, which I find in Voflius de Philofophia, 
1. xiv. quoted from Leo Oftienfis : " Conftantinus 
•* Afer, relidta Carthagine, ubi ortus fuerat Babylo- 
*' niam petiit : ubi difciplinis omnibus ChaUaorumy 
*^ Arabuniy Perfarum^Mgyptiorumy & Indorum pleniffi- 
** me inflrudlus, poft annos xxxix ad Africam rediit/' 

And it is remarkable that thefe Seats of Litera- 
ture and Philofophy were the fame from which De- 
mocritus, and other Sages, had, at ar very early Pe- 
riod, derived their Doftrincs. 

I have thus endeavoured to inveftigate thefe Doc- 
trines, and have fliewn that fome of them were con- 
fentaneous to thofe which Sir Ifaac Newton enter- 
tained, relative to the Permanency of the compo- 
jient Particles of Bodies. 

31 
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It is not improbable, however, that thefe Opini- 
ons might have originally occurred to that great 
Philofopher, from the Conflderation^ not only of 
thofe natural Appearances which he mentions in 
the paffage above cited, but alfo more particularly 
from fome of his own Experiments. 

Light confifts of perhaps the fmalleft Particles of 
Matter which can fall under our infpedtion: yet 
thefe, after having been varioufly united or fepara- 
ted by feveral Refractions or Reflexions, are con- 
ftantly found to have fuffered no Alteration. 

If I may be permitted to add to this, the Confi- 
deration of fome circumftances which I have rela- 
ted in the following Work, I {hall remark that this 
Indeftruftibility appears alfo from the Experiments, 
by which all the primary Colours are there (hewn to 
have been produced from one and the fame Sub- 
fiance. For, as the Changes of thefe Colours, arc 
capable of being often repeated, without impairing 
their Luftre, it is evident that the component Par^ 
fklei are not, by thefe means, broken or deftroyed, 
but only united into larger, or feparated into fmall- 

«r, Mafles, 

i From 
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From the Obfetviition of this Caufe of the Chin- 
ges of Colours in permanently-coloured Bodies, I 
have been able to apply the Principle, which' 
refulted from it, to the Improvement' of feveral 
Arts : particularly to thofe of Dying, Paintings 
and fuch others as dejpendon the Management or 
Knowledge of coloured materials. 

From thence I have frequently had' an opportu- 
nity of pointing out to Dyers, the Caufe and Re- 
medy of certain Defedts which have happened in 
their Works : as this Theory is ealily applicable to 

their Art. Thus, when Red Clothes have inclined 
too much towards a Yellow hue, I have taught the 

workmen employed in dying them, that their co- 
louring Matter was too much attenuated or dijfohedy 
and that, when fuch Clothes inclined too much to- 
wards Purple^ on the contrary a fufficient Solution 

or Attenuation had not taken Place. And the fame 

* 

Rule equally obtains in Dyes of all other Colours, 
as I have often experienced. 

The Experiments which are mentioned in this 
Inquiry, and the Principle deduced from them, 
may alfo tend to improve the Art of Painting, as 
many of the Materials employed in it are fubjedl to 

alterations. 
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alterations, jvhich I ha^ « explained, and which 
may in a gr^at meafure be prevented by an Atten- 
tion to thojfc parts of Chymiftry and Optics, which 
are there treated of. Thefe Defedls arife from fe- 
veral Caufes, which (hould be feparately confidered 
and ^uar^ed againfl, as, 

• 

I .From the aptnefs of the Paints themfelves' 
to part with or to receive fome matter, by which 
they become decompofed, and, in confequence of 
their Decompofition, undergo a Change of Colour. 
Thus all the white l^igments prepared from me- 
tallic fubftances are, by the acceffion of Phlogifton, 
readily changed to blacky which in the Order of 
Colours is contiguous to white. And this aptnefs 
to become black is proportioned to the Whitenefs 
of the metallic fubftances : for their Whitenefs 
arifes fr6m their Solution, by which their Phlogif- 
ton is loft; and it is a Rule in Chymiftry, that thofe 
Metals attradl Phlogifton with the greateft force, 
which have undergone the moft fubtile Divifion. 

It is on this account that the Magiftery of Bif- 
muth, which IS the whiteft of metallic Preparations, 
is quickly turned black by a mere expofure to the 

i a Air, 
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Air, for from hence it readily regains infiammabre 
matter. And it is by the fame means that the co«- 
lourlefs Solution of Lead, ufed as a fympathctic 
Ink, is affefted in the fame manner by phlogiftic 
Vapours, and that White Lead.refumes its metallic 
Colour and Luftre, wKen expofed to fuch Effluvia. 
OThe Oils alio ufed in Painting readily communi- 
cate inflammable matter to fuch fubftances*. 

2. All the Pigments, into whofe Compofition 
Acid, Alcaline, or Calcareous matters enter, are 
fubjedt to be decompofed, and fufFer Changes of 
Colour; either by the Efcape of thofe Principles,, 
or by their Mixture with other Ingredients of an 
oppofite quality. And amongfl thefe muft be rec- 
koned, not only the Paints themfelves, but the 
Oils, Varniihes, and feveral other Subftances» 

3, The Colours of Pigments are afFedted by the 
Prefence of Air, or even by its Abfence, in a man- 
ner which merits the inquiry of Painters. Thus 
white Paints, to which the Air has not accefs> arc 
well known to turn Yellow; and ntany of the other 
Colours, from the fame Caufe, are equally impair- 
ed, although the alterations thus produced in them 
are not fo commonly noticed. A very remarkable 

tffcQ:. 



PREFACE. Ixfaff 

efled of the Air» in changing a primary Colour into 
another next in Order to the former^ offers itfelf in 
the Ufe of Indigo, a fubftance formerly much em*^ 
ployed in Painting, to which Pruffian Blue has late-^ 
ly been fubftituted, although it is a much lefs dura*- 

ble Paint ^ 

When 

y Painters have been encouraged to rely too much on the durabi- 
lity oP Pruifian Blue, from the aflurances of all who have hitherto 
publifhed Accounts of that pigment ; in which they afTert that it is 
not capable of being a£led upon by any of the Acids. I have found 
by feveral Experiments, which I have made upon it, that their 
Opinion is extremely erroneous, and calculated to lead the Artffts 
who rely on it into a falfe confidence in- the ufe of it: which cannot 
fail, in time, of confiderably impairing their Works. I have con* 
fhintly experienced that Pruffian Blue is readily aded on by Oil of 
Vitriol, by which it immediately lofes its ^/ir^ Colour, and is chan- 
ged into a. light brown or grey: and it is fo far diflblved by the 
Acid,. as to be mifcible with Water and other Liquors ; but upon 
fuch Mixture,"^ or by the addition of an Alcali, the Oil of Vitriol is 
difengaged, and the Pruffian Blue refumes its Colour. It fliould 
here be obferved,.that not only many fubftances are ufed"in Paint- 
ing, intowhofe compofition. the vitriolic Acid enters; but alfo the 
ferruginous Earths, which conftitute the greateft part of the Mate- 
ria Pi£loria, generally contain fome of that Acid, which cannot fail 
to z(k on the Pruffian Blue, fo as to impair or deftroy its Colour^, 
when they are mixed with it. And the inconvenience attending the 
Uie of this Paint is the greater, becaufe the Change of its Colour 
does not ufaally takie place till a confiderable time after the Pidure 
is.finiihed« For it appears from the Experiment which' I have here 

related^.. 
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Wjjen Indigo is -diflblved in an Alcali, tbe&>lu^ 
tion is green ; but when a thin Surface of this Solu- 
tion .is exppi^d to the Air, it ajmoft inftantly be- 
comes blue. Aod this Change of Greep to Blue, 
' irom the Attenufttion of the colouring matter by. the 
entrance of Air into it, feems to arife from the ^reat 
Affinity which the Air has to Alcaline Salts, and 
the readinefs with which it is regained by them, in 
proportion as they have been deprived of it by any 
procefs. . 

I have mentioned thefe few particular inflauQes of 
the neceffity of underftanding and guarding againil 
fuch Changes ; but thofe which may be produced 
are almofl as numerous as the Paints which are em- 
ployed I and are iacreafed to a ftill greater Variety, 
by their feveral Mixtures with each other, as well 
as with the Oils, Varnifties^ and other materials^ 

I have, .with fome care, attended to the Circum- 
iknccs relative to this Art, and have made a confi- 

derable 

related, that while the Oil of Vitriol is mixed with Water, it does 
not a<£l upon the Pruffian Blue ; but in proportion as the Painting 
. dries, the Acid acquires its foriner force to deftroy the Blue and ren- 
der it brown^ 
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derablc Number of. E^xperimentS on the Stibje<ft : 
But I do not think them proper to be fubmitted to 
the Public at prefent, as many further proceffes of 
Chymiftry are requifite to the examination of ' the 
feveral fubftances, hitherto very imperfectly undcr- 
ft'ood. 

In the mein time, Artifts may, from the confi- 
deration of what is offered- in th is Work, be ena- 
bled to prevent fome Changes of Colour to which 
their materials are fubjeft, and to produce new 
Paints by altering the Colours of the old ones, jM-e- 
vious to their Application. The general Principles 
may alfo ferve to lead to fuch particular Experi- 
ments as are neceflary for their right Management 
and' Knowledge of them. 

• 

It is certain that, until they are able to under- 
ftahd the Nature and Qualities of the various mate-^ 
rials which are ufed by them, fo as^ to be acquainted 
^itli the altertitions they arc liable to, either when 
fcparate or combined, they will conftantly labour 
under the neceffity of making new Trials, which 
muft greatly retard the pfogrefs of their Art. And 
it Is much to be regretted that fome Painters, whofc 

Works 
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Works would othcrwife have great merit, have -the 
misfortune to fee their Colouring undergo Changes^ 
which intirely deftroy the Effed: they had originally 
produced. 

From certain Inflances which have occurred in 
this Inquiry^ it appears that the medicinal Quali- 
ties of feveral fubftances may frequently be diftin- 
guiihed by their Colours. 

If, according fto the opinion generally entertained 
by Phyficians, metallic bodies acquire active Powers 
in proportion as they are more minutely divided: 
fuch Qualities may, in a.great meafure, be judged 
of by the Colours of the Preparations : becaufe thofe 
Colours correfpond with their feveral degrees of So^ 
lution or Divi/ion. 

In this Inquiry, I "have amply conAdered and 
compared the various degrees of Solution of Iron^ 
as well as thofe of Mercury; and it will appear from 
thence that, in every Preparation of thofe Metals, 
an exaft correfpondence is found between their Co- 
lours and their degrees of Attenuatioa. 

The 
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• 

The Experiments and Obfervations which are, to 
be found in p. 39, fliew that the Nature and Pro- 
portion of the Ingredients, which enter into the 
Compofition of Chalybeate Waters, may be deter- 
mined by the Colours which thofe Waters exhibit, 
when an infuiion of Galls is added to them. 

Various other matters ufed in Medicine may, in 
the fame manner, be diftinguifhed by the Obferva- 
tion of their Colours, and of the Changes which 
are producible in them. For this Method of exa- 
mination is often capable of difcovering Qualities 
which elude all other means. 

By the Affiftance of the fame Principle, natural 
• Philofophy, and Chymiftry in particular, may be 
confiderably improved. I fhall content myfelf with 
quoting, on this Subject, the Opinion of Henckel, 
a judicious Chymift and Philofophcr, who, though 
not pofleffed of much Knowledge in Optics, clearly 
perceived the Advantage arifing from a careful Ob- 
- fervation of the Colours of fuch Subftances as were 
the fubjefts of his Examination. He has frequent- 
ly profited by this Method, as appears from feveral 
parts of his Writings ; and he inculcates the Ufe 

k of 
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of it in the following pafTage, as well as in many 
others :. ** II eft certain que toutes les Operations- dc 
" la Chymic doivejit d abord 6tre foumifes k Texa-? 
^' men de nos fens, comme je ne ceife de I'inculquec 
*' a tous ceux qui s'occupent dp I'etude de la Na- 
** ture^ leur repetant continuellement que pour faire 
" des Decouvertes il faut que dans leurs Experien- 
'* ces ils fe fervent de leurs Yeux/' 

* . % 

I hope that, in thefe yefpeds, fome Utility may 
arife from this Inquiry : which has been carried on 
with a view of obtaining that End, as well as of 
eftabliihing the philofophical Principle, which was 
the Objed of my Experiments, 

I fhall not attempt to excufp the Defefts of the 
following Work, by alledging, according to the 
Cuftom of many Authors, my Want of Time or 
Attention in the purfuit of it. On the contrary, I 
can afTure the I^eader that, if I have failed to pro- 
duce fuch Difcoveries as may be worthy of his 
regard, I have neverthelefs, with fome Diligence, 
endeavoured to offer to his pemfal the beft In- 
formation which I was able to furnifh: as I 
have cmplovcd many of my leifure hours in ma- 
king 
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king thcfc Experiments and Obfervatjons, toge- 
ther with others relative to Optical Refearches : 
which, on account of their Number, as well as of 
fomc Difference^ in tl^eir Subjedts, I ihall divide 
Jnto feparate Papers, and referve for future Publi-i 
cations. 



ADDENDA. 

Preface, p. Ixii. L 23* 

AFtef the words among thefe are^ infert the pro* 
du&ion of the Sedative Salt, which our Cbymifis 
are not able to analyfe or compofe. 

P. 30. L 13. Yox this Lixivium^ ttzA the Aicaline 
Lixivium. 

P. 41. After L 6. infert Although a Blue is mofi 
eqfily produced^ by animal inflammable matter ; yet, in 
fome cafeSf a mixture of Vegetable Phlogiftonp vfitb 
thofe Ingredients^ affords that Colour. 



^ 
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EXPERIMENTAL INQUIRY 



INTO THE 



Cause of the Changes of COLOURS 
in Opake and Coloured Bodies. 



AF E W detached experiments^ relative to 
the Changes of Colour produced by the 
mixture of different liquors or other Tub* 
ftances. are to be found in the writings of fome 
Chymical and Philofophical authors, and thofe 
experiments are frequently exhibited in ledtures of 
natural Philofophy. The Inference ufually drawn 
from them is, th?it Some change is made by fuch 

A mixtures 
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mixtures in Ae Texture of the bodies whofc Co- 
lour is Altered ; but what kind of change is pro- 

dueed' iw fh«ir ttxtare Yiss flbt cwr, I b^iievcr beeii . 

inmiired ^intp. 

Mr. 6*oyl'e, in wliofc writings are mofi of ttiofe 
experiments which have been fo often repeated 
without any confiderable addition to their number^ 
or any explanation of thtem, calls this a Secret ' 
change of texture* ( i ) 

Nbfliin^ {h€v/% in» a! rfibngcr l%fit' U&e fitflV.at-^ 
tention that has been paid to this fubjedt, than 
that the experiments and obfervations relative to it 
have been almofl intirely confined to the Changes 
produced by Acid and Alcaline liqifors on fiiue 
and P^urple flovt^ers; and even thofe experiments 
will appear in the courfc of this Inquiry to have 
been made in £o defective and inaccurate a man- 
ner, that Inflead of leading to the explanation of 
the efFedts, tTiey feem totally inconfiftent with the 
kws of Opticks. And though I have collected 
many of the E*p«riitt4n<s xipoit AniniJil and Mine- 
ral Sribjefts from dJfferlerit Aothors, yet few, if 
any of them, Kax^e feflS«r£o beeii a|ypKed to Opti- 
ca) inqiiiries. 

Two ObfeftafiOWi 6n\f ii'fe <6 b* found ih Sir 
Ifaac, NewtOrt'S Opfi^kS reTatiire to tt\^ Chihgt of 
Colour ift Penftdtiently Coloured Bodies, the ortfe 

Oh 



(i) Shaw's Boyle •—Vol. 2. p>5t- 
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on -the • Colours ^which <jflttn V^et^bks p^ls 
through when they wither, the oth^r pn the 
Change of Colour produced by Acids or Alcalies 
upon Sirop of Violets. I :have infef ted iboth :thefe 
in.fjicir proper Places, and it will appear that what 
he has feemed to conjefture ^s the caufe in thefe 
two ioilance's only, has been ^pUe^ in this paper 
to iubjefts as well ^imal and mimral as Vegetable: 
Had Sir Ifaac Newton been in pQfleflion of a fuf- 
ficient Ni^niber ef experiments, ithe caufe which 
f^enis univer(ally -to ppcrate thctChangc of Colours 
in Opakeand Colou red* bodies. woUl4# I doubt not, 
J^att.hlL5aJ^bvious to him. 

Out of a^reat-number of Experiments which I 
was 'Obliged to make in -this Jnquiry, I have fe- 
leAedrfuch only as were abfolutely necefTary, in 
order to avpid prolixity. 

,Sir Ifaac J^ewton has (hewn that " tranfparent 
" .Subftances, as Glafs, Water, Air, Cqc. when 
*Vfmade very thiji by being blown into Bubbles, 
** t>r othcrwife formed into thin Plates, do exhibit 
'** various colours^ according to their various thin- 
^* nefs^ although at a greater thicknefs they appear 
** very clear and colourlefs," (2) 

He has in the. following table (3) expceffedthe 
thicknefs of Air, .Water, and Glafs, at which each 
colour .is produced. Thofe ithickneiTcs are ex- 

preffed 

(2) Newton. Opt. Lib. 2. Part i., 168. (3) Qpt. Lib.. a. 
Bart 2. 
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prelTed in parts of an inch divided into i^oooooo 
equal Parts. 

The tbicknefs of coloured Plates and Particles of 



Their Colours 
of the firft'< 
Order^ 



Very Black - - 
Black - - - 
Beginning of Black 
Blue - . . . 
White . . - 
Yellow . . - 
Orange - - - 
Red .... 



Of the fecond 
Order, 



Of the third 
Ordcr> 



rViolet . . . 

Indigo . . - 

Blue - ' - - - 

Green - - - 

Yellow - - . 
Orange ... 

Bright Red - . 

L Scarlet -- . . 

Purple - . - 

Indigo - - - 

Blue . . . . 

< Green ... 

Yellow . . - 

Red . - - - 

LBluifliRed - - 




"4 


84 


74 


124 


94 


8tt 


14 


1 04 


9 


154 


114 


94 


164 


12; 


104 


^7^ 


13 


114 


184 


134 


ii4 


194 


144 


124 


21 


154 


I34J 


22-,V 


164 


144 


^Z\ 


1744 


i5tV 


254 


18A 


}6i 


274 


204 


174 


29 


214 


'84 


32 


24 


20r 



I have here placed as much of Sir Ifaac Newton's 
Table as is neceflary for the explanation of this 

Paper 
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Paper : in the latter part of the table, which I 
have here purpofely omitted, the Colours are blen<» 
ded Co as to become indiftin<ft. 

After having (hewn by a great many experiments 
made with Tranfparent Colourlefs fubjlances, fuch ^^i 
as Glafs, Water, and Air, that *• their Thin tranf- 
parent Plates,^ Fibres and Particles do according 
** to their feveral Thickncffes, refledl feveral forts 
of Rays, and thereby appear of feveral Colours/' 
he draws from thence this confequence, ** that no- 
thing more is requifite for producing all the 
*' colours of natural bodies^ than the feveral Si^es 
and denfities of their Particles." (4) 

That the Tranfparent parts of bodies accord- 
ing to their Several Sizes muft reflcdl rays, of 
one colour, and tranfmit thofe of another, on 
the fame grounds that thin Plates or Bubbles 
do reflect or tranfmit thofe rays — and this 
*' he takes to be the ground of all their Co- 
" lours." (5) 

All the experiments which have hitherto been 
made, were performed with the above-mentioned 
Colourlefs Tranfparent fubftances : and although 
the Colours of Permanently Coloured bodies are at-» 
tributed by Sir Ifaac Newton to the fame caufe, 
by which they were produced in Colourlefs fub- 
ftances, viz. to the Various ThickneiTes of their 

component 

(4) Newton. Opt. Lib. a. Part 3. Prop. 10. (5) lb. L. 2. 
Part 3," Prop. 5. 
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component Particles ; yet no experiments have as 
yet beea made on Permanently Coloured, bodies in 
order to eftablifh the truth of Sir Ifaac Newton's 
opinion, which therefore has hitherto remained 
merely fpeculative and uneftablifhed by any 
Proofs. 

To illuftrate that Opinion, aftd to eftaWifh'the 
.following Theory refalting from it, viz. that the 
Changes of Colour in Permanently Ctflour^ J bodies 
are made according to the fame Law, which is 
(hewn by Sir Ifaac Newton'^ experiments to have 
taken place in Pellucid Colourlefs fubftances ; I 
have made feveral experiments and, befides thofe, 
J have introduced fuch Procefles of Chymiflry, 
Dying, and other Arts as were neceffary to explain 
the Changes which are made in the Colours of 
natural bodies. / 

It appears ^from the experiments of Sir Ifaac 
Newton, as well as from the table p. 4. that the 
Lefs Refrangible colours are exhibited by the 
Greater thickneffes of Air, Water, and Glafs : and 
that as the thicknefs of thofe Subftances is dimi- 
nifhed, they refledl the more refrangible colours : 
fo that as the tKicknelles of thofe media in the 
table Decreafe>as they Afcend, their correspondent 
colours proceed in Afcending from Red to Orange, 
Yellow, Green, Blue, Violet, and^fo on to the 
Red of the Order next above. 



From 
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iPMm tfte ObrervattixDn of dicfe circumftanfics, iL 
appeared to me that, if Permmentfy CoioareJ^ bodies 
srtis M^c&i Vt^ ths hme kw9 as ^ranJpmeKt Colour^ 
tefi fuJi^aiTceB aire, all fuch Permanently Coloured 
bodies T^benever the Size of their Particles is Di-- 
fidnifhedf iibculd uvKSergo a change of cfitour b^r 
Afcendingr feoOT tfce lefe refrangible to the more 
rcfFamgible totours,. and from thesce tx> the co* 
loiR-s dL the Order next jthvei and that fuch bo^ 
dies, when the Size of their particles is Augmented^ 
§M\AA undergo x contrary Change, their Colours 
in this cafe Defcending from the More refrangible 
colours to the Lefs refrangible, and from thence 
to the Colours of the Order next Below. (6) 

To elucidate this I found it neceffary to make 
experiments with Vegetable, Animal, and Mine- 
ral fubjedts whereby the Size of their Particles, upon 
which their Colours depend, might be Dimtntjbed 
or tncreafed. 

The methods, which I ufed in order to diminish 
the Size of the particles of thofe bodies which 
were the fubjcds of inquiry, were by Diffolvingf 

Attenuating^ 

(6) I have throughout this paper ufed the word afiendto cxprefs^^ 
Ihe Changes of Colour Trom the Lefs to the More refrangible co- 
lours of one Order) and from thence to thofe of the Order of'co« 
)ours next above : The word defcend I have ufed in the contrary 
iignification. Tbefe words refer to the Local poiition of the Co- 
lours in the, Table p 4. they appeared to me the cleared and (hort- 
.eft erpreffions applicable to the Changes of Colour which 1 here 
treat of. 
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Attenuating^ &c- by means of Chymical Solvetits, 
Heat, Putrcfaftion, Dilution, &c. 

The contrary e.ffefts were brought about by fuch 
means as alfe known to Conden/hf- Incrajfate^ or 
Unite the Particles of bodies into Larger maJfeSf 
as by Coagulation, Precipitation, Evaporation, by 
Diminijhing the force of the folvents, &c. 

The following Experiments and Obfervations 
were made upon Vegetable, Animal, and Mineral 
Subflances, each of thefe affording numerous in- 
ftances of Changes of Colour which illuftrate the 
Theory. 



Experiments upon Vegetable Subftances. 

'TpHE Colouring particles are in a State of So- 
^ lution in the juices of Vegetables, while they 
are growing. Thofe juices containing the colour- 
ing particles are capable of being exprefled from 
feveral berries and fruits; and the coloured juices 
of leaves and flowers, though generally lefs in 
quantity, may be imparted to paper, cloth, ficc, 
by bruifing them on thofe fubftances. 

It appears from a chymical examination, that 
all Vegetables, and every Part of them, contain an 
Acid. 

i) When 
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i) Wheh Efumed in the open air they emit a 
fmokd ftrongl^ impregnated with Acid. (7) 

2) This Acid may be received in veflel$» whea 
tlitf Vfe^tabks are diftilled by a ftrong fire. (8) 

B , The 

'if) Neufnann*s Chyin. by Lewis, p. 463. VcgtiMcu burnt in 
the open air, emit a copious Smcii^ which is manifcfily impregnated 
with ^Acid^ &c-^— Into tbeTe principlest all Vegaa^Us^ and their 
Farts, and all the Subftances extraded from Vegetables, are re- 
ioluUe/ 

^Boerhaave Chym. Procefi 32. — We hence learn the nature of 
tliat prinnary fmcucy vapour, 'which exhales frorai green wood laid 
UjpoD ,tbf fire, before the wood begins to grow black, take flame, 
^.i^ixite*/. fox. thus there, pchales an Jad^ acrimonious, waUr^ 
Q^'n^v^ |o the eyes, and capable of penetrating and preferving 
fucfi^aniniial fleih as is (ufpended in the chimney where this vapour 
]^ii^s;/abd a liquor extremely like it Is collefled at both ends of a' 
lon^ piece of green wood, laid with it's middle upon the fire ; 
wlucb thus drives out a tartijh water, with a hiffing noife. 

2^ We learn the nature of the firft (moky vapour, which arifes 
^Qin dly wood 'when applied to the fire, or from green wood afcei; 
tbe^fprmer IJ^uor is driven off^ tho' before the wood begins to ig* 
niteV bv^"^^^ ^^^^ fmoke is thiclcer, more acrimontous, acii^ 
and ponderous than the former, containing more acid fab^ and be- 
ginning to grow fomewhat black. 

3. Hence again we learn the nature of that black, grofs, and 
keieip'Smoke^ which rifes from wood thrown upon live coals, a 
litt^ before it !b«ir(ls out into flaq:)e ; for this fmoice contains a very 
Iharp, fixed, and Copious Acidfalt^ together with the ift, 2d, and 
3d, pitchy Oil of our proc^fs^all compounded and mixed together ; 
which makes a vapour intolerably pungent to the eyes \ and this 
^fo oenetrates the bodies expblird thereto, preferves them by its 
Ac'd Srl*^, &c. 

(8) Boerhaavc Chym, Procefi 15. The common diflilled water 
of a freih Plant, by the Alembic — Let the due degree of heat 

be 
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3) Th« fem« Acid w fo«n4 ?Mo: i»j^ 9^®, 
Spirit, T^Ttw and Vinogar. pcQCDre4 fii©>ffi V pgftfi 

Whqa Plants trc. 4fiejJ,;«h?k .¥»l«y ps^ttv «*r, 

diipini(hedy but it appears from the chymical ana- 
lyfis of them that the Acid remains, together with 

he carefnHjr obferved, and' equally kept upi (0 long 'te the irateii 
diftiUihg into the receiver proves white, thicic, 'o<for(nis^ i^pid^ 
^othy and turbid ^ for tbis-VKater fliould be l^ept c^re&lly fe^* 
lated from that which will follow 4t j —- ibr there afterward^ 
ilfes a water that is tranfparent, thin and without the peculiar tafte 
and odour of the plant* but |enera1jy fotnewhat tartijif zt^ij^rtipltli 
tho' foiile what obicured and foiiled by white dregg^ matter V wS 
if the head of the ftill be |K>t tinned, the AciHty^ oitl^H laft watei^ 
caufts it to diflblve ^he copper, (b as to become gi'eeil, haufeoiii'^ 
emetic, and poifooous to tbolb who ufc it. — The W^ter: of' the 
id running wants the volatile part above defcribed, yetfcarqe hrin^t 
ever the more fixed part of the plant, except iiMl'at U (bmewhat Jet A 
and vapid : If when this is come off, fielh water be poured upon th^ 
remaining plant, and boiled therewith, or fttongly diQAlec, ^ber6 
lifts zmm AaJPf^atdr^ containing very little of thb partiCidar 
virtue of the plants almoft the /ami kind.of JHdtfy appearing ^Ua 
to rife from /W ifl/ ac laft. ' 

Boerhaave Cbym. Procefs 32. Diftillation therefore (ierfbrmed 
in dofe vefiels extraAs thefe volatile parts from vegetables ; viz,, 
a water, a Spirit^ an Add Saby two kinds df oil^ &c, — - l^i 
experiment is Univerfal or holds in AU trees^ flirubs, and mo:' 
kerbs, which, when thus treated, allbrd all thefe fixed and volatll 
farts ; for they Alt contain a voIatiU Acid Sakf &c. i ' ■ ■ 

Macquer £lemens de chymie* torn. 2. p. 156. 

Prefque toutes les plantes qtii fourniffeilt de TalcaK volatile daoa 
la diftillation^ fourniflent aujp une t^s grandi qtuffititi £ Acidic . 
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the Colouring particles md the other compotietit 
principles^ io a folid form : In diis ftate are the 
Wooas^&c. ufod in D^ng* 

This obfervation of the exiAence of an Acid iq 
Vegetable fubjedts fuggcftcd to me the propriety 
of diflblving their Colouring particles in an Acid 
Liqu6r» in Imitation of their Natural flatej whilft 
in the growing Vegetables. 
..I'ufed this method in omder to be cerealA <S( the 
|ia|ui:e gf the Menftraum^ bj which the Colouriftg 
particles wdre diflblved in the following Experi* 
mctnts. 

. The A^id, Liquor, in which I difiblved the Co* 
louring parts of the Vegetables, coniifted of Water 
with' id»iut an eightieth part of Aqua Fanh i Thit 
libuad better ftfited to thefe Experiments tkah 
the other Mineral or Vegetable Acids ; aiid I 
have called it the /4cui Liquor in the following 
pages.' 

When I intended to Dfrrtinijh rfic dKTolying 
Fdrc6of this Acid Liquor, I added gradually to iv 
a fmall quantity of a Solution of Pot A£b or fomcf 
other AkaHne liquor. 

' The Order of the Eieperimeftts upon Vegetables 
is that of the primary cd[6ur9^ xtt the fable p. 4.. be- 
ginning with the Red> and proceeding next to the 
Purple, Blue, Green, and Yellow. The changes 
produced in every one of them agree exaftly with 

tbe Theory : for in each experiment as the Strength 
. ... Qf 



of the Mcnftruum by which the Colouring parti- 
cles were diflblved is Increafed or Diminijhed^ 
whereby they are Attenuated or Incraflated, the 
Colours Afcend or Dejcend regularly. 

Changes of Colour in Red Vegetable fub^ 

fiances. 

FROM a variety of Red Flowers, in the Colour 
of which there was no admixture of blue, I 
extracted the Colouring particles, by infufing them 
for fbme hours in the Acid Liquon To avoid 
prolixity, I ihall only mention the following, %i^. 



Red Baliam 
Red Poppy 
Scarlet Lychnis 



Scarlet Kidney Bean 
Monarda — Canada Le«« 
onurus» 



The Solution of the Colouring particles of thefe 
Flowers in the Acid Liquor was tied. When the 
diflblving Power of the Liquor was weakened, by 
the addition of a Solution of Pot-Aih, the infu- 
fion became i'urple : If a ftill greater quantity of 
that or any other Alcali is added, the Colour ot this 
infufion does not undergo any further Change. 

If inftead of Diinini(hing the ftrength of the 
Acid Liquor by means of an Alcali, it's Force be 
Increafed by the addition of a Stronger Acid, as 
Oil of Vitriol, the Cdour inftead of Dejcending 

fronx 
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from Red to Purple, Afcends from Red to Yellow, 
thus. 

Liquor in which the Colouring particles 1 
'^of Red flowers are diflfolved, by the ( v n 
Addition of Oil of Vitriol, which ^^^"^^• 
attenuates ■■ ■ 

Liquor in which the Colouring p^r^lo ^ 
tides of Red Flowers are dilTolved - J ^ * 

By the addition of an Alcall, which In i 
Incraflates j Purple. 

The fame Changes are made in the Colours of 
the Red Woods by the fame means, thus the "Red 
infufion of Brazil, (p) and Logwood, (lo) are 
turned Purple by Alcalies, and Yellow by Acids. 

The JR^^ juice of Currants, &c. by the addition of 
Alcalies become Purple^ and by Oil of Vitriol 
Tellow. 

Changes of Colour in Purple Flowers. 

THE following are fome of the Purple Flowers 
from which I extrafted the Colouring particles, 
by means of the Acid Liquor. (Under the name 
of Purple I include all thofe which have any ad-* 
mixture of Red and Blue.) 



Purple Iris, 
Bee Larkfpur 
Aconite — Monkshood, 
Purple Garden Pea, 



Pan fie. 

Sweet Williams, 

Pink, 

Veronica. 

The 
(9) Shaw's Boyle, voL ii« p. 83. (lo) lb. p« 521 8o> f> 



' The Colouring partidea of thc;& Floivers la th^ 
Acid Liquor exhibited a Red colour^ with little or 
no admixture of Bhic. 

The Change produced in thia Red liquor^ by 
the Gradual iiddition of an Alcali, is very difFerent 
from that which has generally been deibribed; 
for it has been fuppofed that the Flowers of tbia 
Colour zrt immediatefy Changed iQto Green by an 
Alcali\ whereas, by that addition, the Colour of 
this Red' infufion defcends, through all the gra- 
dations of Purple, Violet, and Blue, before it ex- 
hibits a Green, (ii) 

The operations of Nature, and tho& which are 
contrivtd in imitation of them will, when tho* 
roughly nnderftood, be found regular and con- 
formable 

( 1 1 } The following is one of the two obfervations of Sir 
Tfaac Newton, which I have before referred to. ^^ Bliies and 
*^ Purples may be either of the fecond or third order, but the 
** beft are of the third. Thus the colour of VioUn ffeems to be 
*^ of that order, becaafe their Strup hyiidd Liquors turns rec^ and 
^* by urinous and akalizati turns gnm. For finceitis of the 
^* nature of Adds to dijfolve or atttnuate^ and of Alcalies to 
^^ predpitaU or incr^ffaUy if the Durple Colour of the Sirup was 
** of the fecond Order an acid Liquor by attenuating tt*a tiigitig 
'< Corpufcles would change it to a red of the firft order, and an 
^* Alcali by incraiTatiM theoa would i::hange it to a green of the 
*< fecond order; which red and green, efpecially the green, 
'* feem too imperfeft to be the colours produced by choib 
** Changes. But if the (aid purple be fuppofed of the third 
*< order, its Change to Red of the fecond, and Green of the 
•* third, may without inconvenience be allowed.** Opt Lib. 2. 
Part. 3 Prop. 7* 



formable fo fhrtod liaws ; Imt a Trtnfitiao fronr 
one. of tbd piimary Ccdpura to another which in 
the brden of Colows if. dtftant from it^ without 
paffing thibugh the intermediate gradatioofl, would 
be an irrc^dbrity inconiiftent with the Laws oi 
Opticks* 

In the Liquor prepared from moft of the Pur« 
pie flowtf 8 all the Colours are very vivid and 
beautifuL ^ 

By the addition of Oil of Vitriol the KcAAfcends 
to a Te/bff$.' 

' If any of the intermediate Colours between Red 
an4) Qreea be wanting in the Experiment^ it is a 
Vtooi U>At tQO miich Alcali has been added af 
cnpfs > which. Fault is e»£[ly correded by the gr^h^ 
4u4{l ^ditiMk of Aqua Fqrtis : For when by the 
gradmi addition of an Alcali the Colours hav^ 
peicended through every gradation from Red to 
Green, they may be made^ by the addition of 
Aqm FoFtis, to afqend through the fame grada-* 
tk>9J%r but ip a Contrary Ordpr : and this Experi- 
ment .may be repeated backwards and forwards, 
as often as is defired, without any of the Colours 
being the leaft impaired* 

) To^. all the primary Colours are exhibited in 
tl^r regular Order, from the Colouring particle^ 
^f one and the fame Flower, by merely ktcfeajing 
or Dimifiifiing the Force of the Menilruum in 
which diey are difTolved ; 

The 
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The Colouring particles of Purples 

Flowers diflblved in the Acid ^i^tYcllow 
quor» by the addition of the Oil off 
Vitriol, - - -J 

The Colouring particles of Purple! 
^Flowers diflblved in the Acid Li*>Red. 
quor - - • J 

? Purple, 
Violet, 
Blue^ 
, Grjcen; 

From the facility with which the colours^ that 
by the Alcali were carried Downward, are by an 
Acid made to Reafcend without being impaired, 
it appears that the Colouring particles are not 
deftroyed in this Experiihent, but only united 
into larger MafTes by tne Alcali, and Divided into 
Smaller, by (he Acid. 

But when, by the addition of a ftrpnger Aci(f> 
the Red is changed to a Yellow, the particfes 
fecm to have their Texture deftroyed,. for they 
can not <ifterwards be made to exhibit any other 
primary Colour by the addition of. an Alcali. 

Amongft all the Changes of Colour which I 
have been able to produce in any fubjed what- 
fbever^ I have never found that a Primary Colour 
changes immediately into any other, than that 
which lies next to it in the regular Order of 
Colours. 

But 
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Bat in making Experiments with fome ParpU 
'FlowerSf not mentioned in the above lift, an ejc* 
traordinary circumftance appears : Though the l^ed 
infufion of them is bright and inlU as well as th6 
Green into which it i$ changed by the Alcfali, yet 
the intermediate Blue, and the Colours on its Con* 
fineSy as Violet^ bcc. arc ib very dilute^ that in their 
room, the infafion is almoft Tranfparent and 
Colourlefsr, leaving a$ it were» a Coloniiefk gap In 
idle gradation of Colours between the Red and 
Green, thus, 

*Liqnor hi which theCciooring particles) •% 4 
ofRofe Campion, &e. weredifiblved,!^^^' 

Colom's prodnced in <% 

^ this Red infnfiort / Faint Porple. 

by the GracfcralJCofotrrtefs Tranfparent Liijoof. 

addition of an Al- 1 Green • 

call, - - - J 
► - 

^ ' But though in fome Flowers thi* faintfy ctdotired 

or colourlefs gap intervenes between the Rtfd airtd 

the Green> I have not met with any Inftance of a 

fudden Change from Red to Green, without either 

the interpofition of a bright vivid Bluep which is 

moft common, or the faint or Cahtirkfs gap inter- 

^(Mfcd JO tke place of the filocw 

From this CircimiAiaifee of Inrifihili^ and 

Traitt^rency m the Ccioufing partides, it feemg 

that when they are rednced to a certain fi^e wkil 

rekdoQ to tl)^ patcs U the Xix^ett la Wkidi^ tiitty 

f . ./i C are 
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are fuTfigBdcd^ in that cafe they exhibit no dep'ee 
of opacity nor Colour : but when their fize is either 
Increafed or Diminifhed, they become viiible and 
coloured. The fame circumftance is very conxmonly 
feen,. when the Flowers have been ileejped in 
Sjiirit pf Wine, Water^ &c. to which no Acid 
had been added ; for though thofe liquora are then 
Colourlefs and Tranfparent^ yet it is evident that 
the Colouring particles are diiTolved in them» be* 
caufe the addition of an Acid or Alcali will produce 
Colours in'^thofe Liquors^ which before fuch ad« 
dition were colourlefs. 

I have found many other Inftances of the fame 
kind in the Experiments which I have made; I 
ihall not here enter farther into the Explanation of 
thi$ Appearance, nor has it hitherto^ I believe^ 
hcen remarked or explained by any one. 

• 

Changes of Colour in Blue Flowers. , 

WHEN the Colouring partkles of BloeFfew- 
ers asji 

Convolvulus^. 

Blue Lupine^ 

Spiderwort, i 

Borrage^ &c. 

were diflblved in the Acid Liquor^ it ptrt oft exadly 
the fame appearance as that in which the Purple 
Flowers were infufed^ and aU the ExperimentV 
miade with thb this Red liquor were (imilar to 
thofe made with the infuixon of Purple Flowers.. : 

From 
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' From thefe circumftances it fcems profvlle that < 
the Colouring particles of the Purple and ihe 
Blue Flowei;8 are of one and Utitfamejort^ only 
differing in Size^ as they are divided into Greater 
or Le& mailesy by the Greater or Lefs quantity of 
Acid prevailing, either in the Plant while it is 
Growing, or added in the Experiment. On ^he 
fame Plant both Purple and Blue Flowers are fre- 
quently found, and the Blue Flowers often change 
to Purple, and vice verfd^ fo that all the Grada- 
tions bet wen Red and Blue are common to them ; 
the Change of Colour appearing to be brought 
about by Natural means, with the fame facility as 
in the Experiments made Artificially with them. 

The Red Flowers, in which there is no admixture 
of Blue, are found by experiment incapable of 
being changed to Blue, as the Purple ones are : 
and the fame incapacity of undergoing fuch a 
Change is cbnftantly found in tbofe Ploivers whilft 
they Mt'Growing, as they never are, whilft Grow- 
ing, of any Colour but Red, nor do they, ia 
withering Change to any Colour but Purple. 

Thus it appears that, notwithftanding the Variety 
tft ' thefc forts of Experiments, the effefts pro-? 
duced l>y them are fach as take place in the 
natural Proccfs, which fuch Bodies are conftantly 
oftdcrgoing while they vegetate. And our endea* 
vours will generally prove vain, when we attempt. 
Id Optical Inquiries on Colours^ to produce BfFefts 
different fropi thofe Which Nature itfelf operates. 
Iris^^y^^ir imitif^^^ of NitUre, in tHis 'as in all 
.-'i^^^ other 



A 



odier §ifltcncc$^ th9t Succe^ k prioctpalty da be 
Jbcped tor« 

AU thefe Experiments may be made with the 
Flowers themfelvcs inftead of their Infufions^ but 
with more difficulty and ioqcDv^nience, becaufe the 
other Solid parts of the petals a£ted upoa> as well 
as the colouring particles, confufe the Experiment* 
.The Colouring particles when d&fiblTed in the 
Acid Liquor* being pure and unmixed with the 
pther parts of the Fk>wers» the Experiments per* 
formed with them are capable of being repeated 
with much greater eafe and accuracy* 

CJbanges (f Colour in GrnJt Vegetabkfubftaneiu 

THE Green parts of Vegetables as their 
Leaves* Unripe Berries and Fruits* do not eafity 
iindergo a Change of Colour by the application 9^* 
Acid or Alcallne liquors: Bat by the Gradual 
Diminution of the Acid contained in them^ or by 
the Condeniation of their partSj^ their Colours^ 
Change from Green toYellow*^ Red^ Purple^ &c#^ 
Defcending in the Order of Cokurs*. from the &me 
Cauie and according to the £ime Law> which is ol^ 
ferved by the other coloured Vegetable Subftaaces^ 

The Berries and Fruits in their moft Acid iUte^ 
are generally Green^ from which Coloor naany of 
them as Currants* Cherries* Pkims» 8cc^ in pro^ 
portion as they t ipenj^ DeJ^md i^egularly^ according 
to the Order of wolours^ throuffn all tike grada-^ 
tioos of Green^ Telipw*. lUeU and 6mytimf» 

Po^le:^ 



tPiti^tet Wli3<; their Acid evidently dccmaTci^ in 
liropoftioa as thofe Changes take fdacc. 

In laaoj Pnitts as Appks» Peaches^ &c. that 
iide <mlj which is moft ripeoedt by its expofure 
lo the Sun, becomes Red^ the other parts remain* 
ing YcUov or. G/eent the Green part flill conti^ 
nuing Acid. 

When Iieaves wither^ their Colooring particles 
accede tqgetber and become united into Largef 
MaiTeSy by the exhalation of the Add and watery 
parts, in which they were diflblved. For. when 
thus .dried l^ the Sun and in the open air they 
-Vt found A by .a chemical !rxaminatioo, to have 
loft tl^eir acidt and to have becotae effete*. Inpro^ 
portion as the water and acid which kept the Co^ 
louring particles of the Leaves in a State of 5olu» 
tloix evaporates, their Colours Defcead in a regular 
<gr^dation# Thus Sir I&ae Newton in one of the 
twa paflagey, whidi I befiMre menttoned, has ob*- 
/(eryed> Qpf% Lib. ^. Part 3. Prop. 7* *• Whea 
^^ Vegetables Wither^ fomc of them torn to a 

Greeniih Ydlowt and others to a more perfect 

Yellow or Orange^ or Perhaps to Red, paffintf 
^* iirft through the aiforeiaid intermediate C^Ipurs^ 
** Which Cnanges feem to be .^Ss^fSed by. the 
*' exhaling of the moifture which may leave the 
^^ tinging Corpufdes more, den fe, and (bmethinj 
1* augmented b^ Ae accretion <^ the oi!y smi 
•• earthy parts of that ^moilkire.^ • 
' 2t Tls'QreeniLeavea dS ^t ArSt an^ Gkftnrn 
by a eantraqii pmcefty ufidclrgb a ^Change iif bd^ 
i» ■ lour. 
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lour/' in a cobtrary Order, * for by' btlog' ^long 
fteeped in Water their pam are: di^Tolvkd iiiRp 
a Blue fubftance which is Indigo and Woadv ^ 

And it is probable that other Phnts mav be di& 
covered whofe Leaves may undergo the iame 
^ange by a fimilar method of -Attenuation. 

Change qfCohur in Tellonjo VegetMt fi&fiances. 

I do not find that any Experiments have hitherto 
been miade with relation to the Change of Colour 
which may be efFedred in Yellow Flowers. However 
I have obferved that the fame effeft xi eafify pro- 
duced in them, from the fame procefs by which the 
Golours of the other Flowers were affeAed^ their 
Cdlour Afcending to Green hy the application of an 
Acid. 

The following Yellow Flowers having been 
fteeped for Some days in a mixture of water an4 
Aqua Fortis, were changed to a Green Coloilriiot 
diftinguiihable from that of Grafs or the Green 
Leaves of Vegetables : 



Yellow Cinquefoil ~ 
Cryfanthemom 
Butter Cujps *^ Rapun- 
' cuius pratdniis 



Yellow Jafmine 
YelloW Thiftle 
Yellow Xupiiic 



Many pf thcf^: Yellow Flbvwrs.tfe changed im* 
mediately into a vivid Oreen» by the appitcation of 
a jirop of undiluted A4|ua ^Qrtis^ ,',:/. 

. Some YcUofw. Floit^ete^dp. not:undergo:a Change 
o£ Ipplpur by^^e Addition pf an:A]cid^/.faut I hav^ 

not 



• 0*3 1. ■ 

not found Uiat any . Colour, . CiiccpUng Green, can 
be, produced by. an Acid from any Yellow Flower. 

The infufipns of Rhubajcb, . ice. are by the ad« 
^tioq of an: Alcali made to Deicend from Yicllow 
to Qraag^. and Red. 



Experiments upon Animal SuhjeBis. 

THE Changes of Colour which Animal fub« 
fiances undergo, arife from the fame caufe, 
by which the Colours of Vegetables are affected ; 
ib that the fame Principle feems to be common to 
both under fimilar circumftance^, Seteral Animal 
fubftances being fubjed to ti change c^ Texture 
from fuch Caufcs as AUennai^% vis^ 'HeAt^ Men^ 
firua^ Putrefa^iotif &c. or from the contrafy pro-^ 
oeiTes, which Incraffate^ as CoagulatioH,* Efuapara^ 
ttoHf txc. are fubjedt to a Change of Colour in 
proportion as they are afFeded by fuch bttocefles^ ' 
Of this nature are the Sheila of L<>^ers^ Cray 
Filh, Prawnis, &c. 

Cioftges of Colour in. SbiHs. ' 

• » » 

THE Sh^ls of LG^fters, when alive, are, of a 
£/i^r Colour vwhicfi; though often (6 intehie ias to 
be ufually called Black, are not uncommonly of a 
light and veiTjr. fine J?/m, , 

The 



' The Change which they under|;6» when hoShAi 
appeared to ine to arife from their Aifenuafun hf 
Seaff which is known to ieporate the parts of 
bodies : and I haye ohferved that fo fmall a Heatt 
as that of the Sun^ will complete^ chaf^diofe 
Blue Shells into Purple and Red, which are the 
Colours next in the Order aiove the Blue. 

From the known Akaline quality of the(e Shells 
I was induced to try whether I could not^ by So« 
lution in an Acidi produce the fame Hcd Colonf 
which is ufuaUy eneAed by Heat. 

For this purpofe I Aeeped die Blue Shells of 
Lobilers in Aqua Fortis^ by which meana their 
Colour was cfaai^ged to Purple^ Ked^ and Yellow. : 

The Shells of Cray Fifh atfo, alterlhadfieepcd 
them in Aqua Fortis or Spirit of ^ Salt^ wer^ 
changed inta a Red not diftinguiibable from that 
produced by Boilix^ them ; By a k)Dger continue 
ance in ekher of ihofe Adds the Red was farther 
changed iatQ:l^i?//99t. 

The Rfd partt pf tikp Shells of Prawaiti . by the 
fame treatment, became alfo of a beautifu) ITili^ 
kw: 

Shells of Lot>i{ers by a long^ ^^"lifellow 
tinuance io an Acid .— . J ^ 

Shells of L6bfl;crp Aieepe^ in anlReo^ s ' - 
Acid ' -^ *— --riFurple 



Shells of Lobfters 




Changes 
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Changes of Coigur in Mitt. 

I F freih Cow^s Milk be coagulated, by dropping 
Oil of Tartar into it graduallyt while it is boil- 
ing,, it's Colour paffes through every gradation of 
Yellow, Orange, and Red, in proportion as the 
Liquor is Coagulated into a Thicker mafs. (12). 
^•■ It is coniiantly obferved that Milk when dilufed 
with Water, by that Method of Jittenuation^ be« 
comes Bluiih. \ 

Thus fron) one and the fame Liquor, the five 
iirft Colours of Sir Ifaac Newton's table are pro- 
duced in their regular Order, in proportion as the 
component parts of it are united into Larger mafles« 

Cow's Milk diluted with Water - |Blui/h. 
Cow^sMilk - - - - I White. -^ 
Cow's Milk Coagulated by Alcali - | Yellow* 

Cow's Milk farther Coagulated - |rS"^* 

See the Colours of the firft Order in the Table, 
with which thefe exadly correfpond. 

D Changes 

« 

* (\^) Roerhaave Chjrni. Procdrgi. 

keceht Cow's milk CoagulaUs^ turns YilUiw^ and Rtd^ by boil* 
ifig over the fire with fixed Alcali. 

Dilute new cow's Milk with a litde water, boil it in a clean vef-- ' 
feVwd by degrees drop oil of tartar per deliquium iiiU> it \ it wilt 

tbut 
. ) 
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tlbanges of Cohur in Blood. 

m 

ALL the Animal Rumors become thinner, find 
are refolved by Putrefaction, The Tdlow Sei^m 
of the Bloody according to Sir John Priiijgle,' is by 
Ptrtrcfaiftion chaneed to Qreen, and the Orecnncfe 
.obifervable in faltcd McatSj as well 'as in die 
Putrefied parts of Animals, is afi:ribed bjr him to 
Putrid Serum, (ij) ^ • 

The Red Craf^mentum, by long expofnre td 
Ae air becomes Yellow. (14) The Colour in each 
cafe Afcmding one degree by this oceans of Dif^ 

fclotion. 

• • ■' . 

Change cf Colour m BHe^ 

THE Bile differs coniiderably from the other 
Animal Fluids in thi^ relpeCt, that even whea 
Recent it is Alcaline* It appears from. a Memoir 
of Mr. Cadet, Acad; Sci. Ann. 1767, that it con- 
taim a quantity of the Foflil Alcali. 

From the Alcaline quality of the Bile,. 1 wa* in- 
duced to chink thatfhe -addition of vx Acid would 
Dyfohe or jtttemuOt \iu 

"• I. Having 

thi» begin to turn Telbw^ the more fo as more Alcali it added^ 
and the boiling the longer con6nneft» ibitf to p^L^ l&otn a fitint 
Jdtbw into 9 Rid Cdbitr, 

At the fame time it coagubus^nan and wmre^ and fepacates Jm^ 
ciif^ fnaffesy tfaoii^^ ndtfe targe ancf .firm, n^ fo jeafily harden- 
im%9 at tbofe froduot^ by acidi« At iength by ioUing the sniiqtt: 
^ mg enough, it becomes » 7%Vi, Rid^ Coagulaud Mafs^ 

(13) Vfinfft^ Di/ga/iS oftbi Artny^ Append, p. 80. 

(h) Boerhaa?€> Cbjm. Proceb ii^ 
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1/ Havtog thisrcfotc |>rooured Ibme Pr^ fiilc:ofi 
ikL' Ox, Mrfaich was T^Uwo without any admixture^ 
of Green ; to ao ounce of this Bile I added a» 
tea«*%oonfdl,€/ Spirit of Salt^ which immediately* 
changed it's Tellow Colour into Greeny the fame 
ckahgi-'waa effeded by Aqua Fortis* I find that 
Baglivi and others have remarked that Acids pro^ 
duce thid effeA. (15,) 

^ 2. To Qxatnine the effedt of Attenuating this 
Bile by ll€at\, I expofed a part of it, whUe frelh^ 
to a degree of Heat lefs than that of boiling water, 
for a quarter of an hour, and found that by this 
means it's Tetlow Colour was changed to Oreen^ 
though no fenfible evaporation had taken place. 
This Change is fimilar to that which is effeded 
by Heat in the Shells of Lobfters, the Colour in 
each cafe Afcending one degree from the fame 
cau(e« 

. 3. To try the effed: of Putr^aSitM in plflblv- 
ing and Changing the Colour of the Bile, I left 
ibme of it flandiiw in the open air in a glafs veiTel, 
and I obferved that it changed gradually* from 
T^lhw to a Greenp Jailor to that which was 
produced by Heat or the addition of an Acid. 

Ohanges of Cblour In Urine. 

WHEN frefli Urine is IncMflkted by diftilling 
from it the Watety part, ** the remaining Urine, 



(15) Neumaan's Cbjrm. by Lewis, ^ 567. 
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^^ in the^fnean time^ gradually Changes froin, it's 
^ natural ' Straw Colour to Redf and the nu>f& o^^ 
*< this pellucid water cotnes over» the deeper thit 
'* li!^i/ Colour appears/' Boerhaave, Chjm. Pro-^ 
ccfs pj. 

The remaining Red liquor is not either Aicaline 
or Acid. 

Thus by merely Incraflating the Urine by meana 
of Evaporation, it's Tellow Colour is niade to 
Defcend gradually to Orange and Red^ 



Experiments upon Mineral Suhfiances. 
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HE Metals afford numerous inftances in con- 
firmation of the dodtrine already explained; 
for almoft every operation, to which they are fub- 
jested exhibits a Change of Colour perfectly agree- 
ing with the Law which we have obicrvcd in Vege- 
table and Animal Subftances. 

The impcrfcft Metals afford the greateft variety 
of thefc inflances, as their Texture is liable to 
many Changes, accordingly as they are aded oa 
in different operations : for every Change of their 
texture is accompanied by a correfpondent Change 
of Colour. 

I fhall endeavour to illuftrate this, in the firft 
place by confidering the numerous Changes c^ 
texture and Colour to which Iron is fubjedt, and 
by (hewing the agreement of Texture with the 
Clbsaige of Colour in that Metals 

Changes 
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Changes of CoMrm Iron.' ' 

:MtON diflblved io tiie Vitriolk A€id/ dltured 
4^7 a fuificient quantity of W^ter> and afterwarda* 
Cr}fftallizecl> forms Green Vitriol of Jron. 

Wh^mthis Green Vitriol is eacpofedto a ftrong 
%x^i itbe Acid Menftruum is driven off from it, 
^.fcarm of Spirit a;id Oil of Vitriol, and in pro- 
p0Vtion as the Iron parts with it's Acid Solvent, 
it's Colour De/cends from Green to TeUow, Red and 
Purple. (16) 

Thefe 

(16) Neumann's Chym. by Lewis, p. 179. Vitriol of Iron -t<^ 
On urging it with a Jit onger fire, Add Fumet Aicceed the watery 
ofie09 the matter becooiei Yt^^ Rid^ and at length of a deep 
Purplijb Red. 

} have not^ aipongft the Cokmrst which arife from the dif- 

cftarge of the Acid Solvent, mentioned the Whitenefs and 

Opacity which Vitriol aflfumes when expored to a gentle heat : 

1>eeaufe thofe appearances are not occafioned by the difcharge of 

die Aictd Menflruum, but by the evaporation of the Water 

poly. Both the Opacity and Whitenefs are caufed by the dif~ 

Continuity of the parts of the Vitriol, for the Water being 

evaporated leaves the Pores which it has forfakcn either empty 

•or. r«^enl(hed with Air, which is a Medium of a different 

denfity from the other parts of the Vitriol* Sir Ifaac Newton 

Jh9»^ given feveral Inftances of Whitenefs and Opacity arifmg 

'ftdni this caufe : ( 1 7) *• The moft tranfparent Subftances may, by 

'«« evacuating their Pores, or fcparating their parts, be xtxy-- 

•• dered Tumciently Opake, or Salti or wet paper, or the Oculus 

•* Mundi Stone by being dried, Horn by being Scraped, Glafi 

V** by being reduced to Powder, or otherwifc flawed, Turpen* 

•• tine by being Stirred about with Water til! they mix imper- 

* ^ feiMy, and Water by being formed into many ImaU bubbles, 

• either 

(17) Opt, Lib. a. Part 3. Prop, 3. 



Thcfc are the Cq}oup\«^ 
in proportion as it's Solvent part ts diminifhed. 
J' Wli«nr «<* tl<e ifldfi^rary^ a; km gi^ef^^S^SAm 

Green Vitftef^ is dte^^dy \hxi Colour i$fbtirid{i^ 

Tbkf fdedi!)^ fO bd tll«' Slit^ 6f ihe^ /rM^4n thll 
pigifidti^: m\e& PrdiSsn Sltfe, fbr f h» - M^Nttlitf 
parts ird Jiifjhhed afid gftatly Attettbattd Ijy f6« 
Aleali tind Amm^ PMogiftoD^ previous to t^e'ai^ 
plication of the Acid ufed in the prodrfs. / - 

As a confiderable quantity of Pruffian Blue is 
ybtainable froni this Lixivium, without apy other 
addition than! an Acid; the caofe of* that Blod 
Goloul- ihay be tfafieft invcftigated from the con^ 
fideration of the fimple Lixivium, without the 
fidmixtur^ (3& &e other itigftdients u&d m - ^ 

tordinary t)rt)cfeft. ' .... ^ . . / ' ! 

It is dviflent that the Lixivium prodiid($.4 it^js 
cfFeft by Dtffblving thi Irbn, for if tW LlxiMintliBk 
itfelf be dxatnifted without the additiori hf att^ 
Ferrt^mcus or t^itriolic matter, it is found to havf 
Diffoived the Iron which was contained mithe i&- 
gredicntis of which it was formed. - . ; ^ 

ThJJt 

'** either alohe in the form oF Frotb, or by (baking it tpgetF^ir 
'" with oil of Turpentine, or oil Olive, or with fonie other 
*« ^omYenient Liquor, with which It will not perfeaiyineorp^- 
*^ rate. And to the increafe of the opacUv pfthefe, bodies^ it 
^« cohduees fooiething, that by the i3d Obfervalion theK^. 
.*« flexron's of' very thin tranfpareht Subftances kre confide- 
" 'fably ftronger than thofe made by ih« fame Subftances of a 
** greater ThiclOiefe.^' 
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ifSiikd^t^^^ kxih •JQOt the 'PrtfciptjAafit <9f il: U feftt^ 

ibtiiind i^iJf^^'Mk ^e Lhttvuwpi itfdf. 
'^^ jai. iX^^fiSi^ieral Acids^ wImc:K .cpntMA oolri^^ 
-F^4ci^*M0 th«t metal. froixL Abe li^yjuin* WJVlhi^ 
it was Dijfohed. 1-7 

■In ilike tnttoer it is hf linc&DS bf iiC§ 4fiJ that 
Vit^ol pricifitafii Irin from ib^ jLixiniMBDU It i& 
-clear<hat die Ii^ ^coptaiikd iti the . Viitrtot Ss o.iit 
necefTaij to the precipitation^ for the Jkid)Yfi/thfmt 
Ac Iroa is, in inis jcadk, aa i6£b£bi^ PrifipiMnt : 
j%ai AsX metal rqfBains GOdafti^nJtlj i3^^^ 
^tbikiviQ^, with ^he PMogifton, iwiiQD 09' ^Acld i& 
addcd'toit^i * : ' 

* Td la te^-^oonfol of Ltsuvium^ iaftfmtsfl yi^ifh 
dPf^ttflian Slue in <ihe imanner 4e£:»ihed hy M*M«£- 
<ftter,r i 4dded fom^ %>itit of &alt^ jbgr "^hu^ A 
^Kiy ^e JUoe was ioamfidiabGlfy pOKxIvMi^ dMil 
4isi« ^ap|)ened whetbeor ^the Lixixriumjitf SrfJilut^ 
^i/iiiiAi ^ater or Jiot. 

i This Sxperiment was .If peated ibtfiTflS tMMs, a& 
4t &emed ^O'Coatradift.aa afibriiott of M; Mflyci3VilPjr» 
;«^ whom the public is fo much indebted for his 
Difcovcries on thp .Subj^ft. 

:r :Si»ip having avcrlopkfid the ItiOT I)jJi^^^ /^fi^ 
JLiockMm, forne eminent Ch^miifta .have ^to^iV^ tc> 
*lfhe Blue Colour produced oj lt> -mixtuft twith 
i4«*^. P'ai^ors^^a^ a .teft' ,tha{ if^a /i contained ift 
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"ibem. Margraf, from the applicadoa of this 
Lixivium to each of the mineral Acids by. tvhiCji 
a fmall quantity of Lapis Lazuli faad.fano df^olvni, 
and from the Bhie which arofe on the mixtiii:eof 
thoTe Liquors^ concludes that> the ^r^jhad.ez« 
traded a fmall quantity of Irtm. .(18) But it is 
certain that the fame Colour is producied by a 
mixture of the Lixivium with Aci4s which ootir 
tain no Iron. ''<.-. 

- Independently of this jprbcefs it is apparent that 
an AlcaUj fuch as is ufed in the preparattoa of PriUf- 
' fian Blue, is capable of Diffbhmg Iron under cen- 
tain circumftances. : . * 

Pot* Aih and other Fixed Alcaliae Salts aoe 
ufually prepared by Lixiviating • in Water the Salts 
which are contained in the Afhesof Vegetables, 
and afterwards evaporating the Solution till the 
'Salt remains dry. Iron is conftantly found Dtf- 
fohed in theie Lixivia ; and. the Salt procured from 
them, by means of this Ferruginous mixturej.com^ 
municates- tq Glafs .a Gr^^/i or JB/e/^. Colour;; A 
certain proof .that Fixed Alcaline Salts are indued 
with a power of Dijfolving Iron: But the quantity 
of Iron difiblved ^ in AlcaUes not unitea to an 
Animal Fbhgifion^ is much lefs than that which 

the 



i: 



18) Maryafr Opufc. Chym. Diffeit. 23. ^ 

\t me mis la-deflus a eprt)ttver toutes ce$ S^luHsns^ chacunc 
a part, avec la leffive d'ona calcination d'alcali avec du fang ^ 
et en ayant Tature ces folutions, ' je remarquai que ceile qui 
avoit itc faite avcc Tacide du nitre fe precipitoit mieux aue. toytea 
les autres fous une bilU couleur ibui ^ qidprm/e qnfm renfermt 
m petit t0mbri diparttcuks di Fer. 
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the Lilcivium ufed in the Proceffi of Pruflian Blue 
difTolves. 

: If a Soiotion of Iron in the Nitrous Acid be 
mixed, with a Solution of Pot-A{h, it becomes im- 
mediately and perfedly Dijf$lvedhy that Alcali. (19) 
I have in the fame manner applied a Solution of 
Vitrioly as I ihall relate hereafter* 
. It is obfervable that neither the Iron which is 
found Diflblved in Alcaline Salts, nor that which 
is communicated to Alcaline Lixivia by the ad- 
mixture of Solutions of Iron in Acids, produces a 
Blue Colour : this will be proved to depend on 
the Abfence of an Animal PhlogiAon; as will 
appear from the confideration of the Pruflian Blue, 
and from feveral other Inftances, in all of which 
I ihall (hew that the prefencc of an Animal In^ 
fiammable Principle^ United to fuch other Ingre- 
dients, as are ufed in the procefs of the Pruflian 
Blue, conftantly produces that Colour. 

]) Henckel diicovered that a Lixivium from the 
Aflies of the Kali, upon the addition of an Acid, 
yields a Blue flmilar to the Pruflian Blue : but 
I believe no caufe has hitherto been afllgned, 
why that Plant affords a Blue^ preferably to the 

£ other 

{19) Junckcr, Confpc<ft. Chem. Vol. i p. 57 > 
Major adhuc cernkur differentia in confuiione folutionis 
fexn per aquam fortem fa<5l2e et falls alcali fixu quippe folutio 
ilia ferri fi in faturum lixivium alcali copiofum immittatur, 
utraque fine praecipitatione copulantun lb. 230 — namque 
eodem momento, quo fcrrum ab acido dccidiCi ab alcali com- 
hibitur. 
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Other Vegetables in the ^cs of which Iron \% 
equally to be found. 

. I fhall therefore emleavour to point out the 
Specific Difference upon which this depends* 

That the Kali contains an Animal Pkhgifton, i 
apprehends will appear from theie circumftances : 
a Volatile Salt, and an Oil exadtly refembling an 
Animal one, are obtainable frodi it; the plant 
when putrefied yields a fmell not diftingui(hable 
from that of putrefied ^i^fifxr^/ Subflances» and in 
that ftate it is reforted to by Flies, and Worms are 
bred in it; when expofed to a naked fire, it's 
jQxiell refembles that of burned Feathers or othetf 
parts of Animais. (20) 

This Animal Subftance ieems to have been re« 
ceived by the Plant, during it's growth> from tfa« 
Sea- Water, which appears to be impregnated with 
an Unduous matter, arifing probably from the 
Animals which inhabit it : by this UnAoous or 
Saponaceous quality the Frodi, which ari&s froxn 
the Agitation of the Waves in ten^peftuous wea^ 
ther, is caufed* 

Thui 

(20) Flora Satumifans Supptem. Cap. 2. Henckel who bad 
JQ this Chapter given the acoouat of the Kali, which I hare 
here related, attributes the Blue procurable from this Plant ta 
the refult of an Acid united to the earth of any plant which is 
impregnated with Sea-Salt. ^^ Je crois pouvoir conclure qu'il 
*^ eft poffibie de faire une CmkurbUui avec la tern d^une pUnte 
^* impregn^ de Sil Adarift^ et un Acide queiconqtie.'' He doea 
not fuTpefl that Jfrcn was concerned in the produftion of that 
Colour : nor bat it been hitherto obferved by any Writer that 
I have met with that the Marim Planis are really pollefled of Vk 
Animal PrincipU*^ 
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Thus the property in the Kali of yielding a 
Blue Precipitate feems to depend upon this diiTe- 
fence of it's Inflammable Principle from that of 
other Plants. For the Kali is naturally ftored with 
an Animal PbkgiJlQn^ which enables it's Alcaline 
Lixivium powerfully to diflblve the Iron con^ 
tained in it's Aflies« The Fixed Alcaline Salts of 
other Plants acquire the fame Solvent Power by 
the Art^al Addition of an Animal Pblogijion^ 
viz. that which li contained in Blood or other 
parts of Animals Calcined with thofe Alcalies. 

2) Another , remarkable inftancc of the Solution 
ti Iron by a Fixed Alcali appears in the Deflagration 
of that Metal with Nitre, for by that means the 
Iron unites with the Alcaline Bafe of the Nitre, 
and with, it becomes ibluble in Water : the Solu- 
tion is tinged of a Purplijh Blue. (21) 

This Colour appears to me to be. evidently 
caufed by the feme.Ingredifnts, which produced it 
in the Praffian Blue. For it is well known that 
Nitre ' is pofleffed of an Injlammable Matter^ and 
I apprehend that it imparts a portion of that Prin«> 
ciple, together with it's Alcali, to the Iron, during 
it's Detonation with it. 

It 

* 

(ai) Juncker, ConfpC(ft, Chem. Vol. i. p. 934. 

Ferrum cum nitro accenditur experimento Croci Zwelferi^ 
ubi (i equales panes limati ferri et Nitri in tigilliam candens im« 
inittatiir, et faifla fulguratione, maflk cite exemta eluthctur 
dqua affuia, haec TatUrate P^iolaceo^ non rubro yt vulgo fcribunt^ 
Colore tingUur. 
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It is probable that the Fhlogifion of Nitre^i$.pf the 
Animal kind,, as it owes, it's Origin chiefly to iuch 
Animal matters as yield an Oily Urinpus ^alt^. (-2^} 

Kunckel obtained from Bloody (the Sabftanca 
ufed to impart it's Phlogifton to the Alcali in the 
preparation of Pruflian Blue) a twentieth part in 
weight of Nitre. (23) . . . ^^ ... . ,.: 

I do no| fee any xeaijbn to difbelicve-that a pc^ 

lion of^ne Nitrous Acid is, during the Detqnar 

'tion, united with- the Iron^ as-wdlas the ^leali.-: 

when it is confidered how great an ^t^rvfy there is 

between that Acid and Iron. . 

This Detonation therefore may be confidered m 
an Operation fimibr to the Calcination, by w^ic^ 
the Lixivium ufed in the Procefs of the Pruflian* 
Blue is prepared : For in both a Fixed Alcali and 
an Animal Oil are united by the force of Fire. 

The 

{22) N^umanh's Chym. by Lewis^ p. ig^. 

All Animal and Vegetable Sabftanees contribiAe to lAepr^ 
dudlion of Nkre, i^fo^astheyarefvirclsplibleof pu^e^^ibii. 
Animal Subftahces, as being moft difpofcd to putrefy, aie for 
this ufe the moft proper ; and the foft and ffuitf parts more (o 
than the folid and the bard.-— The following compofltions are 
proper— Lime, Salt, rafped Horns and'^Ho^ft^^ cuttings of Leai* 
tber, and other refufe Animal Subftances, human Urine, &c. 
•(23) Juncker, Confpeft. Chem. Vol. ii. p. 325. 

Kunckelius ex Sanguine auimaliuim Nitrum fequente modapa- 
ravit. Sangume^ recerttem in lociim calidum ad purrefcendum 
vam dlir repoftrit^ donee in rerram coaverfus eflet; Hanc terram 
poftea elixando, lixiviumque ad cuticu^am ufque evaporando, 
et demirmf cryftalli^ationi exporierido ttac^ayit, atque hac rar 
tione genu! num * Nit rtim obtkiuitj ca' quid'em* quanrjt^te ufc 
centum librse fanguinis quinque et plures libras 'Nitri fuppedir 
tailent^. 
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The Other ingredients ufcd in this Experimehf, 
viz. Iron^ and a Mineral Acid, as well as the 
iFixed Alcali, and Animal Phlogifton, are ftmilar 
Ic thofe employed in' the preparation of Pruflian 
Blue, and the Colour, refulting from the mixture 
in the prefent cafe, is nearly the fame. 

The mixture of Purple with the Blue, which 
takes place more in this preparation than in the 
Pruflian Blue, will be explained prefently. 
' \ have, in the note, given the Procels as I find 
it related by chymical writers, the Remarks and 
SxplanatioQ of it are fuch as have occurred to 
ine* 

I 3) I had many years fince obferved that Gatls^ in- 
fiifed in diftilied Water only, were ready Solvents of 
Iron : and by a Solution of that iVfetal in an Infufion 
of Galls, I not only prepared an extremely Black 
and durable Ink, but by it's means, without the 
Addition of any Acid, I dyed Silk and Woollea 
Cloth of a good and lading Black. 
. I was fatisfied from many Experiments which I 
have made on thofe Aftringents, that they contain an 
Inflammable matter which, from the means of their 
formation as well as from other reafons, appear to 
be principally of the Animal kind. One remarkable 
c£Fc(ft arifing from this Phlogifton in Galls, is the 
ready and violent EfFervefcence which takes place 
'when they are diffdlved in the Nitrous Acid : 
For, upon mixing Galls with Aqua Fortis, I 
found that they were diiTolved with an ebullition^ 
heat^ and rapid emiflion pf Fumes, equal to thofe 

which 
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which accompany the Solution of Iron in the fame 
Acid. 

I (hall in a future paper (hew that Galls, even 
in their intire (late, before they have been burned, 
contain a large quantity of Fixed Alcaline Salt. 

Several other curious Circumftances attended 
the examination of Galls, but as they do not re- 
late to this Subject, I (hall referve an account of 
them to another occaiion. 

After having obferved that an Animal Pbhg^on 
and the Power of Diffohing Iron were United hi 
the Infufion of Ga/Is, as well as in the Lixivium 
ufcd in the Procefs of Prufjian Blue ; it readily 
occurred to me that the mixture of eitSer of thefe 
Liquord, with a Solution of Vitriol, produces the 
efFedt of Changing it*s Colour from Green to Blue, 
by one#and the fame caufc, viz. hj farther diffih^ 
ing the Iron contained in the Vitriol. 

The produ&ion of Black, Blue, and Purple in 
Vitriolic and Chalybeate Waters, from the ap-» 
plication of Galls and other aftringent Vegetables, 
lias been conftantly obferved, but I believe the 
Ctf^of thofe Colours and of the diflFcrence of them 
has not hitherto been aligned. I (hall, in order 
to explain thefe appearances, relate fome Experi* 
ments and Obfervations which I have made on this 
Subjeft. 

Iron feems to be in the moft perfeft State of 
Solution in the Chalybeate Waters : Their Tran(^ 
parency, their Want of Colour, and their Medical 

Efficacy> 
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Efficacy, arife from the Iron contained In them^ 
being divided into extremely minute particles. 

^ This minute divifion of the Iron is undoubtedly 
caufed by the Ingredients which are added to the 
Vitriol in thofe Waters. Thefe ingredients, as 
appears from^ the accurate experiments of Seip» 
are principally an Alcaline Salt, and a calcareous 
earth. 

Having learned from hence, that the Iron fo 
minutely divided in thefe Waters is united to an 
Alcalif as well as to the Vitriolic Acid ; in order to 
produce the like effeds by artificial means, (as far 
as relates to the fubjedt of this- paper) I made the 
following Experiments. 

To four ounces of a Solution of Pot-A(h^ I 
added half a Drachm of a faturated Solution of 
Green Vitriol i after this mixture had ftood fome 
time, a great part of the Iron was precipitated. 
I then decanted the clear Liquor and filtered it. 

To an ounce of this liquor I added one fmall 
drop of an infufion of Galls, which inftantly pro« 
duced in it a beautiful blood Red, without the leail 
admixture of blue. 

To an ounce of a faturated folution of Green 
Vitriol I added one drop of an infufion of Galls» 
which produced in it a Blue without the leaft ad- 
mixture of Red. 

From thefe Experiments it appears, i ) that the 
Irori contained in Vitriol is capable of being farther 
dijfohed in a Fixed Alcaline fubftance, for a fmall 
quantity of that MetaU is in this experinoent Dif' 

folved 
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folved and permanently difFufed throughout a large 
quantity of the Solutioh of Pot-Afli. . ' . 

2) Green VitrioU which with Galls afforded a 
Blue Colour, when farther dijjblved in an Alcali^ is 
found to Afcend {torn Blue to Red^ by means of 
that Attenuation. 

3) It appears, from thefe Experiments, that 
the different degrees of Purple and Blue^ which 
have been obferved in Chalybeate Waters, may 
be eafily accounted for, from the Greater or Lejs 
prevalence of the Acid or Alcaline Ingredients in 
thofe Waters, 

4) As an Infufion of G^/A has been already (hewn 
to pofTefs a power of Dijfolving Iron^ the Blue Co- 
lour into which Green Vitriol is changed by the 
addition of thofe aftringents, feems to arife from 
the Iron in the Vitriol being farther Attenuated 
by the Galls y it's Colour Afcending accordingly 
from Green to . B///^, the Colour next above. 

In the fame manner, when to a Chalybeate 

Water, which with a Small quantity of Galls pro- 

. daces a Blue ov bluifli Purple, a Larger portion of 

"Galls is added, the Colour Afcends from Blue to 

Redf by means of their Solvent quality. 

Thus it appears that Green Vitriol, by the addi- 
tion of Galls which per fe poflefs a power of Dif- 
folving Irony Afcends from Green to Blue ; and that 
the fame by 2l farther Attenuation in ^ fixed Alcali^ 
or by a larger quantity of Galls^ Afcends farther 
from Blue to Red being flill farther Divided. And 

5) It appears that in the production of 5A^^ 
or Purple by the union of Galls and VitrioU fimilar 

Principles 
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Principles are employed, as in the produdlion of 
thofe Colours in Pruffian Blue, the Blue from the 
Aflies of Kali, and from Iron deflagrated with 
Nitre : For I have fliewn that the Ingredients in 
eath of thefe proceflfes, are Iroriy a Fixed Alcali, a 
Mineral Acid J and an Ammal Phlogifton. 

It muft here be obferved that in all thefe pro- 
cefles the Phlogijion^ belides it*s Solvent power, 
produces another efFeA on the Iron : For by 
uniting with the Metallic particles, it greatly In- 
creafes their Reflexive and Refraftive power, and 
thereby enables the folutbn of Vitriol, &c, (which, 
according to it's degree 6f dilution, \% cither 
Colourlefs or faintly Coloured) to exhibit an ex* 
tr^mely Vivid Colour. 

The Change of the Colour of Green Vitriol 
therefore from Green to Blue and Purple is caufed by 
the. Solvent quality of the Galls^ &c. and the Vivid-- 
nefs of the Colour is occafioned by the addition of 
the Inflammable matter to the ferruginous par- 
ticles, whereby their Reflective and Refraftive 
power is greatly increafed, according to the Doc- 
trine of Sir Ifaac Newt6n, who has (hewn that 
the -Reflexive and RefraAive powers of Inflam- 
mable bodies are much greater* than thofe of other 
Subftances. 

.This Obfervation of the Incrcafe oi Vividnefs 
when Inflammable Subftances are ufed, fuggefted 
to me tne thought of Diflfolving Green Vitriol in 
Spirit of Winfe, and I accord^mgly found that the 
. ; ' F Blue 
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BJide Colour produced from diat Solutioa^ by th? 
Addition of Ga^k^ was eztremcl/ beautiful and 
Vivid, greatly exceeding that which arofe from 
the Solution of the lime Vitriol in Water, 

The other circumilaoces of the& prooefles, w^ 
lative to Blue Subibnces produced froa» /tm, may 
be alfo iHuftrated by the confideration of the qua- 
lities of the Ingredients which enter into dieir 
compofition. 

It is well known that Inflaqioiftble SubAanoetr 
are mifcible with Fixed Alcaline Salts^ and with 
them form a faponateous compound* 

The rtadinefs with which the jinifMl Pihgtfim 
is united to. Iron y appears from the conveirfioa .of 
that Metal into Steel, for in that operation, the 
Iron imbibes from Horn, Leather, or other Animat 
Subflances, io much Phlogifton, that lit hecofsaet^ 
faturtfted with it : and the -Caiv >ef Iron^ like that 
of all other ioiperfcift Metals^ /esdily anitcfi with 
Fat Subftanoes in general 

It is not therefore to be wondered at ithat the 
Ir^tnmable Principle^ which appears 4so have io 
great an Affinity with Iron Ihould by it's Union 
with Fi^:ed Alcaline Salts;, communicate to them 
a greater Solvent power relative to that Metal. 

From thefe Experiments and Obfervafiians it 
appears that Green Vitriol, in proportion as it \% 
Deprived of it's Solvent part, is changed to Teibm^ 
Orange f Redy and Purple: and by a contrary cpro- 
fe&s vie. ^by a farther Atoenuation by tneans of 

the 
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the Phlogifticated Lixivium, in the Procefs of 
PruiSan Blue^ &t. the Colour of tho Iron Afcends 
from Green to Biue^ 

Iron attenuated by Alcali and P^o^loi 
• gifton --••*-^« J^* 

Vitriol of Iron -----,. i Green. 

1 Yellow, 
Vitriol of Iron in proportion as its Sol- 1 Orangeu 
. vent part is expelled -' - - - C Red. 

JPurple. 

Thus all the primary Colours are produced from 
the fame Metal, in proportion as it'& particles 
are Attenuated or IncraJJ'ated. 

Changes ofC&kur in Iron united to Glaft. 

IRON is not only Soluble by the means hitherto 
mentioned, but it m^ be EHffolved alfo by mixing 
it with other Subftances which are capable of be- 
ing intimately united with it. 

Glafs is one of the moft convenient Subftances 
for this purpofe : For according to the Quantity 
of Glafs uied in diiTolving the Iron^ and the de« 
gree of Heat employed in cffedting the Solution, 
all the primary Colours are produced. 

Tied. 



[ 44 ] 

Rid* , . - / 

Thus when a large quantity of calx of Iron is 
united with 2ifmall proportion of Glafs, and a mo- 
derate heat IS applied, the Red (24) Enamel Colour 
is produced : the Red generally ufed on the Por- 
celain of China is faid to be of this kind. A Red 
Glazing for earthen ware is alfo made from thefc 
ingredients. (25) 

Tellow. 

If a Lefs proportion of Iron be mixed with 
Glafs it imparts to it a Yellow Colour : by this 
means Topazes are imitated, and I have produced 
feveral forts of Tellow by difTolving a proper quan- 
tity of Iron in a tranfparent Colourlefs Glafrf. 

Iron 

(24) Felibien, Prifu. de VArchu — Ub-, 3. Cap. 10. di 

T email 310. " Le Bjfuge qui reprefente a peu pres le Vermilion^ 
•* eft fiit avcc du VitrioU qi^on caldne entre deux creufets luttez! 
^* II ne lui faut qu'uny>« tnediosre d^environ uoje heure/*. 

Art de la verrerie^ de Neri^ Paris, 1752.. p. 70, 

Le crocus martis ou faffran de Mars n'eft autre chofe qu'une 

bon^ne- calcination du fer, au moycn de laquelle il donne une 

couleur tres Rot/ge au Ferre. 

(25) Kunckel, Art de ia verrerie. Lib. 2. § 53. 

Autre couverte Rouge encore plus belle j Prenez des mor- 
ceaux de Verre blanc; redpifez les en une poudre impalpable ; 
prenez enfuite du Vitriol Calcine jujqu^ a devemr Rouge, ou plutoc 
du caput mortuum qui refte apres ia diftiUation de Thuile de 
vitriol, cdulcorez le avec de Teau chaude pour enlever les fels • 
prenez de ce caput mortuum autant que vous jugerez en avoir 
befoin, et mclez le avec le verre broye ; vous aurez par ce moyen 
un tres beau JRouge dont vous pourrez vous fervir a peindre^ 
vous ferez enfuite recuire votre ouvrage. 
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Iron is alfo frequently ufcd in Tellow Glazings for 
earthen ;warei; (06) . 

Green. 

I.expofed to a great degree of heat, and for a 
cqn^derable Tjrpe, a piece of Tellow Glafs, which 
had received its tinge from Jr(?« alone; by this 
m^2ix\^ ihc Telhw was changed into Green. 

I have, in a former paper, (27) (hewn that the 
Qr^tf/?, with which the Glafs ufed for bottles is 
tinged, is occaiioned by the Iron contained in the 
Vegetab^tAfhes and Sand, of which that Glafs is 
compofed. The Quantity of Iron contained in thefe 
m^^e^lalSf is much lefs than that which enters into 
the Compofition of the Tello^w^ and Red Glafs : 
the ypgctable Afhes contain a very fmall propor- 
tion of Iron : From the Sand I feparated, by a 
magnet, grains of Iron ore weighing about one 
tvventieth part of the Sand ; and it i's probable that 
thofcj grains do not coniift intirely of Iron, but are 
mixed with a ftony matter. 

Blue. 

When the pots in which this Green Glafs has 
been kept in fufion are nearly emptied, the Glafs 

remaining 

/26) Kunckel, Art de la Vcrrerie, Part 2. § 30. 
~ Couverte d'unc beau Jaune. 

Prenez feize parties de Cailloux, de Limaille de Ftr une partie 
de litharge 24 parties, faite fondre ce melange. 

lb. § 35» Prenez de Cendres de plomb et de Cailloux bbncs 
douze parties, de Limaille de Fer une partie^ faites foodre a 
deux reprifes, 

^27) Philofo. Tranf. Ann. 1765. 
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Iron moft DiiTolvcd by Glafs - - (Blue. 

. . ' ^'* ' 7 Green' 

Iron, in proportion as it,is^Lefs Diffoly/- yy n ' ^ 

ed by Glafs, - -. -' - - - ^j^^^"^' 






. ^ ' 
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Colours of Iron DtffbhSd in diff&erit Menftr^iL 



* ^ 



. • f , t ' : 



FROM Iron, diffoived in its fcveral MehftruaJ 
Colours .are produced in proportion as the-'Solvcnt 
Power of thofc Menftrua is greater or left. 

Thus, ivith the Vitriolic Acid which lias the 
greateft Solvent poWer relative 10^(34) that Metal/ 
it gives a Gr^^;7 Colour. (35) \ ^ '- 

With the Nitrous (36) and Marine (37^ A'citds, 
whofc folvent power is weaker than thdt of the 
Vitriolic, it gives a Tettow or Orange Colour. 

.. When 

(34) Jancker, Confpe<5l. Chem, Vol i. p; ^07. -^ FerH ExU 
guam portionem imbibit Agu^ Fot tis^ a$ihuc Minor cm ipirltu^ Salis^ 
Plurimam acid urn VitrioVu ATinmam Jceturn. 

(35) 1**- VoL i. p. 209. — Acidum /7/rM cum' Ferto <?rtf-^ 
frnneum colorem repraefentat. 

lb. Vol. i. p. 936. — Feniim folvitur ab acido Sulphuris feu 
Vitriolim Graminci colorh foludon.emt quaeiniCryflaJlOs Vltrioli 
Martis artiticialis concrercit. - > f 

(36) lb. Vol. i. p. ;2a9, — Acidum NUri c\xtn> Ferrc Flavo- 
rubellum colorem fiftit. 

(37) lb- Vol.2, p. 33i.~Spiritus Salis cum iPi^f^ ffarum 
tingitur, ec colorem vix /iizi^tf/w exhAbpk : ,::. ; . i f .. .. t> 
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When diflblved in the Vegetable Acid of Tartar 
(38,) or Vinegar (39,) whofc fi^ivent power is 
ibill weaker than that of the Mineral Aclds^ a Red 
Colour is conftantly produced. 

A fimilar Red is alfo produced by a folution of 
Iron in Aqua For tic, when it*s Solvent power is 
Weakened by the addition of Neutral Salts (40,) 
of Alcaline Salts (41,) or of the Weaker Vege- 
table Acids (42). 

It appears, from the 38th and 40th notes, that 
the medical qualities of Iron may be, in fome 
meafure, diftinguiflied by it's Colour, For the 
Red preparations of that Metal, being united to 
to the Weakefl Solvents, are much milder than 

G , thofe 

(38) lb. VoK i. p. 037. — /Vrrtfw folvitur ab -^f^/tf deftillato, 
quocum cryAallos DuUes largitur, itemque a Hanaro in Sutrubi- 
cundam tindiuram. 

(39) lb. Vol. L p. 374. — /!?rrtt»i — quocum Acetum conAzn* 
tiorem Rutedinem fubit, 

C40) lb. Vol, ii. p. 249. — ^Ex Marie Cryftalli Rubentes^ ufui 
Interno fatis Ct>mmodaftx Aquam Fortetn, pauxillo Nitri alteratam 
adquiri poiTunt. 

lb. Voi. i. p. 367.-i-Extraflio Ferri per AceCum, Sal am- 
moniacum et Aquaxn Fortem. , 

■ Si Tub initium nee ulla agitatio, neque exteraus Calor 
acceflerit, tin£luram Coloris prorfus Sanguinei habebis. 

N. B. By avoiding Heat or Agitation, the power of this SoU 
vent is ftill farther weakened. 

(41) lb. Vol. j. p. 217. 

(42) lb. Vol. ii. p. 254. — Vitriolum cum Aceto deftillato 
digeftum, Viridem in Rubrum Colorem mutat. 

lb. Vol. i. p. 375. Crocus Martis tenerrimus qui per Aquam 
Fortem e P^erro feparatur, uti per aquam regis folvitur auret 
flayedine ; ira iimulatque huic fokitioni Acetum deiiiUatum adf- 
jungitur, pulcherrima Rubedo exiflit. 
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thofe which contain Iron more minuUly DiOfoIved 
by the Stronger Acids. 

Iron diflblvcd in it's Strongeft Acidly 
Solvent, the Vitriolic Acid, - - J 

In it's Weaker Acid Solvents, the Ma- 1 Yellow, 
rine and Nitrous^ Acids, - - - J Orange. 

. In it's Weakeft Acid Solvents, the Ve-lp , 
getable Acids, - . - ^ . . ]^^^- 

Colour of Calces of It on Precipitated from it's 

Solutions. 

WH*EN the Iron, diflblved in the Vitriolic Acid, 
is Precipitated from that Solution, it's parts, by 
Coalefcing into Larger maffes, Defcend in Colour 
from Green to Tellow^ and are depofed in form of 
an Ochre. (43) 

The Tellaw Solution of Iron in the Nitrous 
Acid, in the fame Manner, lets fall a Red Sedi- 
ment, when fuperfaturated (44,) and this is more 
cfFedtually brought about when the Iron is rapidly 
diffolvcd (45 ;) for in that cafe the Solution be- 
comes the more Saturated, and the Iron is pre- 
cipitated 

(43) ^^' Vol. ii. p. 249. — Purificatur Vitriolum folvendo in 
aqua pluvia, aut quacumque deflillata. «- Hac ratione fenfim 
demittic fedimentum, Ochrdm Colore zmulans. 

^44) lb* Vol. i. p. 2(1. Hocmodo Aqua Fortis magnam 
adhuc quantitatem Ferri corrodet et in (r9cum Rubrum converter. 

(45) lb. Vol. i. p.214. — Si limatum ferrum uique ad triginta 
grana per vices ingeratur, turn decidens crocus ex iii/^r^/^i^z/<?yr//;* 
n vero pit undas injedtio fiat, idem RubUundum magts Colorean 
leprsefentabic. 
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cipitated from it in a denfer ftate. Accordingly, 
, as in the Green Solution by the Vitriolic Acid, the 
Colour of the Precipitate Defcended to Tel/ow^ 
' in this Tellaw Solution the Colour of the Precipi- 
tate Defcends to Red. 

The Sediment from Iron di/Tolved in the Marine 
Acid is black, probably from retaining it's Me- 
tallic State, it being a known property of the Ma- 
rine Acid, that it does not efFeAually deprive Iron 
diffolved in it of it's Phlogifton. (46) The fedi- 
ment in this State refembles the Metals reduced to 
Blaclcnefs by rubbing them upon other Sub- 
ilances, to draw black lines, or by being ground 
fmaller. But when part of the Colouring par- 
ticles have thus fubfided from the folution, the 
Liquor becomes by that means Rarer ^ and it's 
Colour Afcends from Tellow to Green. (47) 

Colour of Calces of Iron Diffolved. 

AS this pxocefs is contrary to that of Precipi- 
tation, fo the changes of the Colours arifing from 
it, proceed in a contrary Order, ATcending by means 
of the Solution of thcfe Calces, 

Thus 

(46) DiA. de Chym. par M. Macqucr. 

Per — L'acide Marin dilfout auffi le fer avec facilite, et meme 
avec adlivite; mais il ne Jui enleve point Ton principe inflatn- 
mabte auflfi efficacement que l'acide nitreux, et meme que le 
vitriolique, quiqu'il ne le laifle point fans alteration i cet egard. 

(47] lb. Vol. i. p. 20o.«- Acidum Salis communis cum Ferro 
primum aliquantum Flavifdt^ dein Viridefcit Subftdente fenfim 
Digro S^diment^. 
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Green. 

Green Vitriol of Iron is often found native^ and 
is (imilar in its other qualities, as well as in it's 
Colour, to the Artificial Vitriol of Iron. 

Blue. 

A Blue Earth is frequently found in Peat Moflcs, 
?m account of this Subftance was read at the Royal 
Society, Feb. 13, 1766, and it appears from that 
paper that Iron is the metal with which this Blue 
Earth is impregnated. 

It feems to me probable that the Iron contained 
in this Subftance was diffeminated through the 
Vegetables whilft growing, of which the Peat is 
well known to be compofed, and this may be the 
caufe of it's Particles being fo minutely Divided as 
to produce a Blue Colour. 

I have produced a Blue very fimilar to this by 
cxpofing Vegetable Aflies to the heat of a Furnace 
for fome days. 

Mr. Margraf. Opufcules Chym. Diff. 23, has 
ihewn that the Blue Colour of Lapis Lazuli is 
owing to Iron contained in it. 



• 
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THUS it appears that all the Changes of Colour, 
to which Iron is fubjed, arc entirely conformable to 
the Law which prevails in Vegetable and Animal 
Sttbjeds. {51) 

Changes of Colours in Mercury. 

The Experiments which have been made on Mer** 
cury, by the Chymifts, Alchymifts^ and various Ar«- 
tificersj are extremely numerous: but none of them 
have hitherto been employed in Optical Inquiries. 
In my application of them to this Subjedt, I have 
cited fuch Authors as have beft defcribed the Cir- 
pumftances relative to it : preferring their Authority, 
when it was to be met with, to a relation of my 
own Experiments on that MetaL Amongft the Chy- 
mical Works, which I have referred to on this oc« 
cafion, thofe of M. Bayen have aiForded me the great- 
eft affiflance, as will appear from the PaiTages which 

H I 

(51) A few Copies of the part of this Work preceding page 55^ 
were printed fome years ago, but were not publilhed. A French 
Tranflation of it, together with an Introdudion written by the learn- 
ed Profeflbr De Caftillon, is inferted in the Memoirs of the Royal 
Academy of Sciences and Belles Lettres of Berlin, for the Year 1774. 
The fubfequent Experiments and Obfervations have fince been 
added. 
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I havQ tranfcribcd from his EiTays 00 die Nature of 
Mercurial Precipitates* (52) 

The Preparations here coniidercd,. are arranged ac-- 
'cor>ding to their feveral Solvents ; and the colours of 
each of them are conformable to die Rule, which, 
obtains in all the inflanges already givpn. 

■ 

Colours 0/ Mercury Jt^h^d in the- Nitrous Acii^ 

Froni Mercuryj^ diflblyed in the Nitrous Acid> • 
white Salt is obtained, which is called Mercurial 
Nitre. In proportion as the Solvent is extricated 
£rom it, the Mais becomes Xellow^ thea Orange, and 
laftly ReJ.. 

(i.) The expulfion of the Acid, and the confe* 
quent Changes of Colour,, arc readily efFedled by C30 
pofing the Mercurial Nitre to a gradual heat, by^ 
which means the Acid rifes in Vapours, and its Eva- 
poration is accompanied by thofe Alterations of Co* 

lour in the Mais. (53,) 

The 

(5a) Eilais Chymiques, ou Experiences fakes &r quelques pre^ 
cipites de Mefcure, dans la vue de dcoouvrir leur xiature. Far. M.^ 
Bayen. — Journal par M. I'Abbe Rozier. Paris. 

(53) Macqucr. Dift. Chym. Art. Red Precipitate. «* If a folu- 
tion of Mercury, ianisrou^^ Acid> be reduced to drynefs by Evapo>- 

ration. 
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The Red Mdtter^ which finally refults from thk 
Operation, is improperly called a Precipitate : as it 
is a Calx of Mercury, from which the greateft part 
t^ the ^ Acid Menftruumfaas been expelled by heat» 
ib the fame manner as when Odcothat is obtained 
from Vitriol of Iron. 



(2.) When the tranfparent colourlefs Solution of 
Mercury in the Nitrous Acid is applied to various ib- 
lid matters, as Bones, the Skin, &c. the Acid is 
abforbed by thefc Subftances, and the Mercury, thus 
deprived of its Solvent, afiumes a Purple Colour. 

^3.) Although the Nitrous Acid is moft readily 
and efFedlually expelled from the Mercurial Salt by 

H 2 heat, 

tation^ and the mercurial Nitre thmce formod be fHit ioto an opm 
matrafs fet in a fand-bath, with a fire gradually increafing^ the na-- 
trous Acid will difengage itfelf frooi the Mercury, and evaporate in 
a red vapor, fflfilf the 4cid evaporates^ the falbie Mercurial mais 
lofes its original whitenefs, becomes Telhw^ then Ormtgey and laftly 

The Work from which this paflage is quoted, although arranged 
in the form of a Di^iionary, is one of the beft general Treatifes oa 
the fubjed, and is written by an excellent Chymift : for which rea* 
fon 1 have not fcrupled to cite it where the Procefles, to which I 
lefcCy are more fully defcribed than in other chymical works. 
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heat, yet there are other methods by which a confi-- 
derable quantity of it may be extricated. 

when a faturatedSolutiomof Mercury in thi$,Acid 
is diluted by a large Quantity, of Water, part of the 
Solvent is feparated, and a YeUaw Precipitate is inif- 
mediately formed from this Decompofition of the Sa- 
line matter. M: Nfonnet, in a Treatife which abounds 
in new and ufeful remarks, calls this Yellpw Preci<^ 
pitate Nitrous Turbith. (54) The iame effeft is al- 
.io produced by a proper applicatioaof Water to Mcr?- 
curial Nitre. (55J, 

In order to^referve the Golour of the Mafs.thus 
procured,, it is ncceffary to gAiard it from the Light 
of the Sun: for I have often obfcfved. that, when 
this Preparation is expofed ia. a clear glaisr veflcl, 

even though it beclofbd and filled with water, the 

fide which is neareft the window becomes black, 

whilft the oppofite fide continues Yellow. (56) 

4. When 

(54) Traite de la Diflblution des Metaux*, par M. Monnet. Am--^ 

fierdam, 1775, cij, § 2. 

« 

(55) lb. 

(56} This effect appears to Be prod'uced'by the communrcatioir of 
Phlogifton from the Matter of the Sun's Light : For, whenever any 
metallic fubftances are pofleflfed of much inflammable matter, *wht!ft 

they 



c» 
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(4.) When Mercury, thus difTolvedy is deprived 
of its Menftruum by various Earths, or Alcalies, k» 
Precipitates afTume a Green, Yellow, Orange, or Red 
Colour, according as^ more or leis of the Acid is fe"* 
parated from the Metal by their means. 

Thus Lime, whofe Affinity to the Acid is lefs- 
than that of Alcalies,, g^ves a Green- or Olive colour* 

ed^ 

they are reduced intoininute particles, they become Black* As when 
Calces, from the Solutions of white Metals, are expofed to the Va- 
pours of Hepar Sulphuris, or arc predpitat<?d by it : When Mercury 
h precipitated from its Solution by volatile Alcali, on account of the 
inflammable matter which it is known, to contain; when ^thiops 
Mineral is formed by a large proportion of Sulphur with Mercury 5 
or when that Metal, or others, are mechanically reduced into a fine 
Ijowder, ftill retaining their original quantity, of Phlogifton. 

In the fame manner the Solar Light communicates Blacknefs to 
ikM white Precipitate of Bifmuth,^to.Mcrour}us Dulcisj to the Acetous 
Mercurial Salt, and to a Solution of Silver from which the acid har 
been abforbcd by. chalk. ' 

> • » 

I have placed thefe Remarks feparate, becaufe although tbey relate 
to tbe colour of Mercurial Preparations ; yet as the change, which is^ 
Here obTerved, does not arife from a greater or lefs degree of Solution,, 

it does not immediately fall under the main fubjeft of our conlidora^ 

• .■'.... 
Hon.. • > ' 



J. 
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icd Precipitate. (57) It is not neceffary to cnunte- 
Tate the ftveral Precipitants of an intermediate 
Strchgtb, by Avhich the interracdiafte Colours are 
produced : I (hall only ofeferve that a Solution of fix- 
ed Alcali, from its greiart Affinity with the M<»ir 
ftruum, abforbs fo much of it, that the Precipitate 
formed by its aid becomes Rni. But, in order to 
give the utmoft Btightn^fs to the Colour of this Pre- 
|>aration, it is neceflary further to extricate by Heat 
ihe portion of Acid, which remains united with it:: 
for, after this Operation, its Red Colour becomes 
4e^ual in Luilre to that of Vermilion. (58) 

5. The 

X57) 'E)fp. par M. fiayen. Fevrier, 1774, p. 131 138. J'ai 

rfait ^iflbudre quatre onces de Mercure crud dans une fiiffifgntft 

quantite d'rfprit de nitre pur -J'ai vcrfe fur huit pintes d*Eau At 

Chaux recente, uile fuffifante quantite de dliTottition mercuridle, et 
J'ai obcenu un precipite de couleur 0/rw foncee. 

(58) lb. p. 131 — 133. paiverft deflfus peu-JL-peu une quandcfi 
fitffifante de liqueur de fel de tartre fort indued Vau diftrll6e ; tl s'eft 
f?iit un coagulunr Rouge^ qui bientot a gagne le fond da vafe.*4P«r 
des lavages multiplies, tant a cfaaud qu' a froid, j'ai edulcore, autant 
^ue j'ai p\i^ ie Meroire qui etoit'ibus la forme d'une poudre Rnugu 

J'ai mis ^uatres gros du meme Precipit^ dans un -bocal de verre^ 
Jiaut et etroit, tiue j'ai place dans un bain de fable qui pouvoit rece- 
voir un aiTez grand degre de chaleun La matiere, en »'echauffant 
^peu*a-peu, exhala bientot des. vapeurs acido-rnitreufes— -La matieve 
employee a cette operation avoit^perdu quinze grains, foit en acide, 
foit en mercure reviviiie; et de couleur de ibrique obfcure qu'elle 
^toit avant £1 caicixuuiotQy die ^toit devemie d7un Jiougt v^ 
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(5^:) Tbe fkmie Precipitate^ when esrpofed to a coir- 
fidjsrabie heat in aglafs retort, is fublimed^ and forma 
tayeips i^egutarly arranged in the neck of the VefieV 
•of the following Colours, viz. tybiie^ Yellow^ Orange^ 
Re^; each of tbefe correfponding with the quantity 
of Acid which they retain. I have ber^ cited a part 
of the Ex^rifiient relative to this Subjedt,, becaufe 
act only the Circumft^nces of the Changes of Colour^ 
hut thofe a)fi> of the Extrication of the Acid, are de-^ 
tailed in it. And I ho{>6 that it will be fatisfa<%ory 
to its ingenious Author, to ikid that his Observations 
are cohformahle to regular Laws of Optics, as wdl 
as to thofe of Chymiftry. ** Le bee de U retorte 
^ exhaloit une forte odeur d'acide nvtreux,- et on 
♦* voyoit 4 fan orifice une couche mir\ee d'une ma« 
•* tiere blanche cjui fe prolongeant denviron deux* 
^ pouees, fe perdoit dans ufie autre couche Jaune; 
^ ceUe-ci d^venoit plus foncee^.tt finiffoit en s'^paif--- 
^ fi^ant^ par etre d'un beau r^//^^ de rubis^ 



** Je d^tachai le plys que }c pus de la portion^ 

^ blanche i elle etoit foluble dans Teau ^ l^uelle 

^ eile CQOUiwnjiqua toutos lies propri^tes de la difib* 

^ lution m^rcurielle ordinaire; j^en nus un peu fur 

" le feu, Pacide nitreux sexbala^ et cette maticre 

*• blanche devint rouge. C'^toit enfin* du vrai nitre 

*^ mercurkl qui ^vgitnoo feulenicnt ia portion d'acide 

propre 



€€ 
€€ 



€€ 
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'* propre au pr^cipit^, mais encore une portion da 
celai que nous favons s'etre exhale pendant I'ope^ 
ration. La couche Jaune^orang^e etoit aufli du 
nitre mercuriel qui avoit moins Jtacide que la pr^ 
^* cedente ; celle qui ^toit couleur de fafran en coa« 
^' tenoit encore moins ; enfin celle qui ^oit couleur de 
^^ ruAis, en avoit le moins poffible. C^^oit un pre- 
^^ cipit^ femblable en tous points ^ ^celui qui jsA, 
connu dans les pharmacies^ fous la 4^ominatioa 
de pr^cipite rouge : on fcait que dans la pr^para^ 
tion de ce dernier^ le nitre mercuriel^ en perdant 
** peu-a-peu Jhn acide^ pafle par toutes les nuances 
^^ qui font entre le jaune-foible et le rouge-eclatant^ 
'^ Voila exadkement ce qui eft arriv^ dans mon op^ 
« tion." (58) 

Colours of Mercury diffolved in the Marine Add. 

m 

By the Union of Mercury with a large quantity 
of the Marine Acid» Corrolive Sublimate is formed. 
The Colour of this White Salt is not capable of 
being clianged to Ydlow or Red, i)y« a mere ex- 
pofure to Fire ; for it is intirely fublimed by hcat> 
in its original Form and Colour, on account of the 
Volatility which Mercury, as well as other metallic 
fubflances, acquires from Marine Acid* 

Nor 

{58) £xp. par M. Bayen, Aviil, I774» p. 29a. 
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' Nor is it fubjeft to a lofs of its folvent, fo as to 
aflume a Yellow Colour, by the addition of Water, 
as it is intirely foluble therein. Its incapacity of 
being thus decompofed arifes from the great pro- 
|)ortion of Acid united to the Mercury, and from 
the firmnefs of their Union. In order, therefore, 
to produce this Decompofition, and the Colours 
which accompany it, it is neceflary to ufe fuch inter- 
mediate fubilances as are capable of abforbing the 
Acid, by their Affinity with it. 

Accordingly, thofc fubftances, which have the 
greateft affinity with the Acid of the Corrofiye fub- 
limate, difengage from its Solution a Red Precipitate : 
and thofe, whofe affinity with it is lefs, produce a 
Yellow one* 

Thus Oil of Tartar feparatcs from this Solution a 
Red Precipitate (60), which, as Lemery rightly ob- 
ferves, is, of all the Mercurial Preparations, moft 
properly fo called. Lime- Water, which has a lefs 

I Affinity 

(60) Lemcry's Courfe of Chym. chap. 8. Mercury. Mix four 
or five ounces of Soblimate Corrofive powdered, in a glafs or marble 
mortar, with eight or nine ounces of warm water, ftir them about 
for half an hour, then let the liquor fettle, and pour it off by incli- 
nation, filter it and divide it into three parts to be put into fo many 
VaUs, 

Pdur 
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Affinity with the Acid, when added to the fame folu- 
tion, difengages from it a Yellow Precipitate. (6i) 

But the Colours of thefe Precipitates are liable to* 
fbme Variation, according to the greater or left 
quantity of Acid in the Solution: for when tho 
Acid abounds in the faline liquor, the Alcaline Pre-*^ 
cipitate inclines to TeJlow y and when there is a de^ 
£ciency of Acid, the calcareous Precipitate inclinP9 
to Red. 



The fame difference of Colour takes place,, whea 
a fixed Alcaline Liquor, inflead of being mixed with 
a Solution of Corrofive Sublimate, is added to that 
Salt undifFolved : for in that cafe the Alcali is not 
capable of being applied to the Mafs fo perfedly, on. 
which account lefs of the Menflruum is difengaged» 

and 

Pour into one of thefe Viala fome drops of the Oil of Tartar made 
per Deliquium, there falls Immediately a Red Precipitate. ■■■ ! € is 
the truefl Red Precipitate of any. 

(6i) lb. Pour into the laft of thefe Vials five or fix ounces of 

Lime-Water, you have a Telkw water, that is called Phagedenic 
water.— Jf you. let the Liquor fettle, it will let fall a Tellow ?n^ 
cipitate* 
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and thus the White Colour is not changed to Red^ 
but to Telhw. (62) 

The Precipitate obtained from this Salt by a fixed 
Alcaliy when carefully wafhed, and expofed to a 
fufficient heat, affords a confiderable portion 6i Aright 
Red Calx, not inferior in luftre to the others of 
that Colour, which are produced from Mercury by 
Fire. (63) 

Volatile Alcali, dropped ino a Solution of Corro*- 
five Sublimate^ does not extricate from the Saline 
mixture a fufficient quantity of Acid, to change its 
Colour : But abfbrbing lefs of the Menftruum, leaves 

la the 

(62) Lemer/s Courfe of Chym. chap. 8. Mercurjr* The liquor 
of Salt of Tartar turns Sublimate Rid^ when it is diflblred in com-i 
aoa water alone : and it makes it Tilkw^ whea the Sublimate is not 
diflolved. 

(63) Exp. par M. Bayen, Fevrier, 1775, p« 151. Experiences 
faites fur le Piecipite de la diilblutioa du Mercure fublime corrofif 
par TAlkali fixe. 

Le Precipit£ obtesu de huit onces de SubGm6 CorioTif^ pefoit, 
£tant bien edulcore et feche, cinq onces, fix gros, ringt-deux grains; 
mis dans une retorte de verre et expoie a une chaleur convenable, il 
•*eii eft £lev6 deux onces, cinq gros, trehte-trois grains de Mercure 
doux ; il eft refte dans la retorte, deux onces, fept gros> quarante-ua 
fcviu dc chaux mercuriellc d'un lUugt Ukttgnt^ 



•X , 
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the Mercury united to nearly fuch a proportion of it 
as forms Mercurius Dulcis, whicb^ on account of 
its infolubility, is feparated in form of a H^bite Pre- 
cipitate. 

It is proper here to obferve in general, that fuck 
white Sediments are mere Cryftals, which, from 
their Smallnefs, and from the interpofition of a. 
Medium of a different Denfity, lofe their Tranfpa- 
rency. (64) 

Lemery remarks that Mercnrhis Dulcis^ become? 
Yellow y when triturated. This Colour \% occafioned 
by a Lofs of a portion of the Solvent^ in that Ope* 
rat Jon. And, as it appears from the Works of this 
Chymift, that he fometimes ufed Marble Mortars in 
thefe proceffes ; the Abforption of the Acid may be 
chiefly attributed to the Calcareous Earth of thofc 
Veffels. 

Colours of Mercury dijbhed in the Vitriolic Acid. 

Mercury diffolved in the Vitriolic Acid exhibits, 
in proportion as its Solvent is taken from it, the fame 
Colours which, under fimilar Circumftances, are 
afforded by that Metal diffolved in the other Acids* 

By 

(64.) Sec p. 29> above. Note* 



I 
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By its Solution in Oil of Vitriol a White Salt, called 
Vitriol of Mercury, is formed » 

(!•) When Water is poured upon the Vitriol of 
Mercury, the Acid is difengaged, and the Mercuiy 
is precipitated in form of 'a Tellow powder, which 
is Turbith Mineral. (65) 

The Colour of this preparation is deeper, and 
more inclining to Orange when hot Water is ufed, 
or when a greater quantity of it is employed: for, 
by either of thefe means, more of the Solvent is 
difcharged : and upon examining the Water, it is 
found to contain the Acid which was united to the 
Mercury. 

It appears, however, from the comparifon of this 
Procefs, with the foregoing ones, that Water is not 
capable of intirely depriving the Vitriol' of Mercury, 
of its Solvent. And although Turbith Mineral fhew» 
no marks of an Acid, when fufHciently waihed> yet 

its 

{65) Macqucr, Drft. Chym. Art. Turbith Mineral. Wie ought 
to obferve, that Turbith Mineral becomes Tellow only by being dfe- 
fryoed of the adhering Vitriolic Acid^ and that it remains white till it 
has been walhed with a large quantity of water ; in general the 
more perfcflly it is deprived of Acid^ the deeper Yelkw Colour it ac' 
quires. 
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its Abfence cannot from thence be argued/ 

fuch an intimate union» between Acids and metallic 

SubftanceSy is often formed, that we cannot in fuch 

^ Compound ^ways cxpeA to find evident marks of ^ 

the feparate Ingredients. 

M. Bayen, indeed, has clearly eibblilfhed the ex^ 
iftence of the Vitriolic Acid in this Preparation by ^ 

feveral Experiments. From Turbith Mineral, which 
had been carefully waflied with diftilled Water^ he 
obtained^ by Diftillafion, a Volatile Sulphureous 
Acid (66). And a Mixture of the fame fubftance 
with Sea-Salt difTolved in diftilled water^ yiekiibd 
Glauber Salt. 

As the Acid cannot be intirely extricated from 
Turbith Mineral, by means of Water alone, it is 
neceifary to employ aa Alcali, in order to abforb 
that portion of it which remains intimately combined 
with the Mercury. 

(2.) When 



(66) ^xp. par M. Bsiyen. Dec. 1775 p. 495. PaiTant auffi fous 
fiknce im grand nombre d'c^perieaces tentees for da Turbidi fublimi 
Julqu* i <|uatre fois, je mecontcDteralde dire, i*. Que ee fel perd 
achaque Sablimation une portion d'acide,vitrioliq|iet gyipafie con- 
itammcnt.fgm8.la forme d'gcide fulpbuDctuu 
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(2.) When a Solution of Fiiced Alcali is poured 
vpon Turbith Mineral, its Telltno Colour is changed 
to a dark Orange. By digefling it in a Solution of 
vegetable or foilil Alcali in a fand-heat^ the Acid ia^ 
more completely difengaged from the* Mercury^ 
'which, on that account, affumes a Red Colour : and 
tile Acid is transferred to the Alcali, forming vitrio- 
lated Tartar, or Glauber Salt, according as a.Vege« 
table or Mineral Baiis is applied in the Procefe^ (67) 

(3.y Vermilion, or Artificial Cinnabar, confifls 
of a mixture of Mercury and Sulphur ; from which 
all the Sulphur, except an eighth part, is burned off 
before the Mafs acquires its bright Red Colour ; for 
which purpo£b repeated fublimations arQ necefl&ry. * 

If it be confidered that of tiaiis eighth part of Sul*-* 
l^iur, a very coniiderable part is Phlogifton ; it will 
appear that the Quantity of the Vitriolic Acid, which 

nmaifit* 

(67) Exp» psr M. Bayen. Dec. 17 75* p. 41^. Si on verfe, fur 
du Turbith bten lave, une quantite d'eau diflille^ reodue alkaline' 
far le fel de Soude on de Tartre, et qu'ontieime le tout en'digeftioir 
iiir le fable chaud, avec la pr&^ution* d^agiter de terns en temt la 
matiere, on ne tardera pas a voir la couleur citrim du '^urbitb^ fe' 
changer en rougey et en.quelquesheurea^ onobtiendraun vrai Pr^ 
cipite de Mercure.-*Si on foumet a Fevaporation I'eau de digeftiony- 
on en retirera ou du tartre vitriole, ou du fel de Glauber^ fuivant la^ 
nature du precipitant eniploy.6^ 
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remains united to the Mercury in Cinnabar, is nearly 
equal to that of the Nitrous 'Acid retained by the 
Red Precipitate. (68) 

Cinnabar of Antimony does not differ from this 
in its compoiition; but is thus called, bedaufe its 
Sulphur is transferred to it from Antimony. Nativ€ 
Cinnabar condfls of the fame ingredients, united in 
nearly the fame proportion, as thofe which form the 
artificial ; nor does that which is made in the humid 
way materially differ from any of the foregoing com- 
portions . 

Colours of Mercury dijfohed in the Vegetable Acid. 

The Acetous Mercurial Salt (69),. and that which 
is formed by the Union of Mercury with the Acid 
of Tartar (70), arc iubje€t to a change of Colour 

from 

(68) Iremery's Courfe of Chym. c. 8. Red Precipitate. It retains 
a portion of Acid equal in weight to a ninth part of the Mercury. 

(69) Traitc de la Diflbl/ des Metaux, par M. Monnet. p. 322. 
Ce fel eprouve une forte de decompofition par Teau, a peu-pres coitlme 
les fels qui refultent de la diflblution du mercure par Tacide nitreux 
et Tacide vitriolique. En triturant le fel, dont eft ici queftion, dans 
un mortier de marbre avec de I'eau chaud, j*en at enUve peu^a-peu 
Facidij ct Tai convert! en une poudre jaune. * 

(70) lb. p. 325r 



1 71 ] 



from White to Tellow^ by wafliing them with Water ; 
by which means they are deprived of part of the 
Acid, in the fame manner as the Nitrous and Vi- 
triolic Salts. 

It appears, from thefe Experiments and Obferva- 
tions, that in proportion as the Acid Solvent is dif- 
engaged from Mercury, the fame Colours arc con- 
ftantly produced, and that their production is con- 
formable to the fame Law which, as has been already 
ihewn, prevails in other fubftances. And it is in- 
different, as to the change of Colours, which of 
the Acids are united to Mercury, or by what me- 
thod thofc Acids are extricated from it, (71) 

Colours of Mercury calcined per fe. 

As all the abovementioned Mercurial Preparations 
become Red, whenever they are deprived of the 

K . principal 

(71) Exp. par M. Baycn, Fevrier, 1775, p. 156. Les chaux 
mercurielles que j'ai traitees, font au npmbre de quatre ; les deux 
premieres ont etefaites par Vintermede deTacide nitreux, et del'acide 
marin, et toutes deux fepareesde cesacides par I'alkali fixe: I*acide 
nitr^ux feul a ete employe dans la preparation de la troifieme ; en- fin 
la quatrieme a ete faite par la Ample calcination. 

Les procedes ont varie ; mais les refultats ont ete les memes, et 
ces chaux, lorfq'elles ont ete purgees de toute matiere etrangere a leur 
etat, ne different point eflentiellement. Tune de I'autre^ ■ illes ont 
jQuUs la mime intenfiti de^CouIeur rouge* 



principal part of their Men(|ru\im ; fo Mercury csil^ 
ci^^d by Heat, withput the Additioa of ?iny Acid» 
acquire the fame Colour : an4 it is equal in bright- 
nefs to that which is affume(l by the Calces of that 
Metal, frpm which the Solvents have been expelled 
by Fire. 

The Colour, however, of this Preparation is fub^ 
jed to Alteration from the Adion of its Solvents : 
amongft which^ according to the Experiniients of M. 
Margr^, the Phofphoric Acid changes the Red to 
Telbm and IVbiie. {jt) 

I have not en|efed into the Confideration of the 
Air, which Unites with Mercurial Calces, during 
their expofur? ^o the Fire ; becaufe it does not relate 
to the greater or Icfs Divifion of their p^rticl^es, 
which is the immediate $ubjeft of my Inquiry, 
For the Colours, arifing in this method of calcina-* 
tion, do no( differ from (hofe which are produced 

by 

(72J Opufc. Clfym. 4c M> Nforgraf^ DtC i. p. 25. Joignons 
encorf ici li;8, rapports de I'acid^ 4u phorpbore avec quelques metaux 
tt Baineraux.— -r 

Cet acide parqic auffi agir eo qi^^lque oianiene Car la cbaux du mer^ 
Hire faiu par ltd nUme^ puifque fa couleur fe change en jaune^ et 
qu*il blancbiu 
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by the Precipitation of the Meial from it» Solvents i 
excepting in their fuperior Brightnefsi of which t^e 
Caufe has been already explained. 

Amongft the feveral coloured Preparations, which 
Mercury affords, few are capable of being employed 
in Painting ; on account of their readinefs to under- 
go a Decompoiitioni and of ^their Effects upon the 
other materials ufed in this Art. 

Cinnabar is juftly preferred to the others, as a 
Pigment : for the bulphur, with which its particles 
are covered, fcrves as a Varnifh to defend it from the 
Adlion of the feveral Subftances mixed with it in 
Painting. 

As Cinnabar is infoluble by any Menftruum, I 
endeavoured to examine whether it would alfo refift 
the Adtion of Iron when prbperly mixed with it : 
Sulphur, uncombined with Mercury, being fubje<% 
to Decompofition by that means. 

(i.) To this'End, I ground four ounces of Ver- 
milion with half an ounce of Iron Filings, that the 
quantity of Sulphur in the mafs might be nearly 

equal to that of the Iron: and having^moiftened them 

K 2 with 
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with boiling water, I digcfted the whole in a gentle 
Heat, till it became dry by the Evaporation of the 
Water. No Decompofition, or change, was pro- 
duced by this^ Operation. 

(2.) I mixed with feven parts of Vermilion, one 
part of Pruffian Blue, and treated them as in the 
preceding procefs. The latter fubftance was employ- 
ed on account of the Inflammable Matter, and of 
the Earth of Alum, which are united with Iron, in 
its Compofition. For each of tbefe ingredients have 
alfo a ftrong Affinity^ with the Vitriolic Acid (73). 
The Mixture, however, remained unaltered in this, 
as in the foregoing Experiment, 

It appears from thefe circumftances, that although 
Sulphur has a much greater Affinity with Iron, than 
with Mercury 5 and the Vitriolic Acid, in particular, 
has alfo a greater Affinity with Phlogiftfn, and Alu- 
minous Earth, than with the metallic part of the 
Cinnabar; yet the efFe(fts arifing hence do not take 
place, except the mafs be expofed to a confiderable 
Heat. 

Vermilion, therefore, may be confidered as inca- 
pable of being impaired by the .other Colours ufed 

in 

(73) Sec the Note, p. Ixix of the Preface. 
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in Painting, and of injuring them : and is the only 
known Preparation of Mercury, poffeffed of thpfe 
qualities* 

Colours of Mangane/e^ 

Amongft the Mineral Subftances, none affords a 
greater variety of bright Colours than Manganefe, 
efpecially when it is fufed with Nitre, or with a 
JFixed Alcali, 

This feems to have been firft obferved by Glauber, 
and afterwards by Pott, Cronfledt, and other Mine- 
ralogifts : but none of thefe writers have attempted 
to fhew by what particular circumftances the feveral 
colours were produced, or to explain them by any 
Rule of Optics, 

I was, therefore, dcfirous of examining whether 
the Changes of Colour, to which thi^ Mineral is 
fubjedt, do not arife from the fame Caqfe, and obey 
the fame Law, which appear to have prevailed in 
the other fubftances that I had already confidered. 

With this view I made the following Experi- 
ments : beginning with fuch Liquors, as have the 
leafi Power of dijohing the Manganefe prepared in 

th? 
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ihc matlnef mentuttied above, and procee^ftg iititfi 
fuch as are Wronger Solvents of it« 

(i.) Having put into a Glafs a few grains of the 
Prepared Manganefe, reduced to. Power, I poured 
upon it btghly-reSified Spirit of Wine. No Solution 
was produced by this means, and the Spirit re«- 
tnained tranfparent and cohurlefs4 

9 

Oil of Turpentine was fubftituted in the place of 
Spirit of Wine, and the event was the fame as in 
the foregoing Experiment. 

(2.)' To the fame quantity of Prepared Manga-' 
nefe, common reftified Spirit of Wine was added, 
which immediately became Yellow. The Solution 
and Colour, thus efFedted, evidently arife from the 
fuperabundant portion of Water, contained in this 
Spirit. • 

(^•) I poured r^Zi/ Water, which had been care- 
fully diftilled, upon the fame Mineral Preparation. 
The Water inftantly acquired a vivid Green. 

(4.) To the fame Ingredient I applied diftilled 
Water moderately warmed: by this managenjent it 
afTumed a blue Colour. 

(5.) When 
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(5.) When Softer Water was uf«Jf it exhibited a 
purpk Ime. 

(6.) hzMjf when boiling Water was employed^ 
it acquired a bright Red. 

Thus, by means of the different degrees of power 
in the feveral Solvents, thefe Colours were produced 
in their regular prifmatic Order, vizt Te/hw^ Greettp 
Blue, Purple, Red. 

I fhaU add fome further Ren)arks on thefe Expe^ 
riments. In each of them the Colours, which I 
have mentioned,^ appeared iailantly> upon pouring 
ithe Liquor into the Glafs which contained the co- 
louring matter : and it is to the firft and immediate 
production of Colour in thefe mixtures th^t this de^ 
fcription is confined: for after a {hort interval. 
Changes Succeeded in Ibmc of them, which will be 
prefently explained. 

In Exp. I . I ufed highly-roftified Spirit of Wjne, 
becaufe Fixed Alcaline Subilanees are infbluble in 
thdt Liquor, unleis a confickrable Heaf, or fome 
intermediate ingredient, is applied. Oil of Tur- 
pentine alfo was employed, on account of tKe Diffi- 
culty df combining it with Fixed Akali^ under the 

prcfcnr 
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prefent circumftances : which is well known ffdnl 
the endeavours of Chymifts to unite thofe materials 
in the preparation of the Soap of Starkey. When 
Water was gradually dropped into the highly Redli- 
fied Spirit, it became at firft Telloiv, and afterwards 
dilute Green. 

In Exp. 3, cold Watery which is a ftronger Sol^ 
vent of Fixed Alcali, than even the moft phlegma- 
tic Vinous Spirit, yields a vivid Green : but the co- 
louring Matter is weakly held in Solution, for a 
great part of it foon falls to the bottom : and the 
portion, which then remains diflblved in the Water, 
affumes a iluer or more purple hue on account of its 
greater Attenuation : for in this cafe fewer particles 
are difperfed throughout the fame quantity of Wa- 
ter. The Colours, which thus fucceed the Green, 
are rendered fomewhat obfcure and turbid, by the 
brown concretions which feparate from thefc Solu- 
tions, at the time that they become decompofed. 

As I found that the Solution in cold Water became 
Purple, when the colouring particles were more 
rarely difFufed through it: I made the following 
Experiment, in order to determine whether a Green 
Solution might not be effefted with boiling Water ^ 
by faturating it fo fully, that the colouring matter 

diflblved 
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I 

^iflblved in it (hould be in a very denfe (late. With 
this intent^ I almoft filled a fmall Glafs "v^ith the 
Prepared Manganefe, ^'educed to powder, and pour- 
ed upon it boiling Water: this inftantly produced a 
bright Green Soluuon» which retained that Colour 
till all the Water had evaporated. 

In Exp- 4, the Blue arifing from the afFqfion of 
lyarm Water, is much more dilute, and lefs vivid 
than the other Coloqrs. Several fimilar inflances 
have already occurred, in the courfe of this Inquiry, 
in which the Blue, intervening between the other 
Colours ip the midft of the Order^j was faint and 
imperfev^j and fometinies in its room a Colourlefs 
Gap or Interval was found interpofed, although the 
Yellow and Green, as well as the Purple and Red, 
which formed the Extremes of the fame Order, 
were perfedlly diftind: and bright. (74) 

It is fcarcely neceflary to obferve that warm Wa- 
ter was ufed, on account of the fuperior folvent 
Power which is always communicated to that Fluid 
by Heat, in proportion as it is increafed. 

The Purple tinge, which Okfs receives from a 
fmall quantity of Manganefe, is fimilar to that 
which is given to the hot Water in Exp* 5, 

L In 

(74) Seep. 17, above. 
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In the fixth Exp, the Red; produced by hcnUrig 
Water, is much more permanent thail any. of the 
other Colours yielded 'by the cooler Liquors : ffoitt 
Dvrhich circumftance, as well as from the Colour, it; 
appears that a more perfe<fl Solution had taken place. 

The change from Green br Blue, to Red, which 
is caufed by Heat in thefe Experiments, is fimilar 
to that which is produced in the Shells of Gray-fi(h 
and Lobfters, by the fame means. 

I have thus endeavoured to explain thefe Colours^ 
which from the account given of them by Glau- 
ber, (75) and the fubfequent writers, appeared exf^ 
tremely confufed and irregular. 

I alfo expofed the Prepared Mangaaefe' to the 
aftion df Acids, Solutions of Neutral Salts, >nd va- 
rious 

(75) Glauber. Profp. Germ, tranflated by Packe, London, 16899* 
p. 353., ** I faw that by mixing Magnefia with fixed nitre, it was- 
, by boiling theni in a ftrong crucible, opened by the nitre, from, 
whence proceeded a delicate purpfc colour. I pouted out the ma&^ 
and powdered it, and extracted it with hot Water, and pafied the 
Liquor through a Filter, and then I had a purpie fiery Liquor, which 
did almoft every hour ((landing but only in th^ cold) change colour,, 
fo that it became one while green, then (ky colour, another while of 
a blood colour of. its own accord, then again prefently it rcceivedl 
Othor moft elegant colours." 
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i^B «tker Li^aors: but it i8 rufficient |o observe, 
,px cjscnttal, that the Colours feetn to be;producQd 
|)y them» acpor^ioi; |o their icverat: iblv^n^ Powers. 
From thefe Experiments^ I foun4 that this fubftance 
fUFords a ready and ofefal method of examining fe- 
reraf matters u^ed io Chymiftry^ Medjcjne, and 
pther Arts. 

Thus the degree of Caufticlty of Volatile Alcalies 
piay be determined by this Mineral Preparation, 
when it is incapable of being diftinguiflied by fub- 
jefting them to an EiFervefcence , with Acids: for 
thefe (hew the Prefence of Air, but not the Quan* 
iity of it. ^Both thefe circumftances are difcovered 
by the Pi=epared Manganefe, which imparts to Spirit 
pf Sal Ammoniac a bright ReJ^ to a mixture of equal 
parts of Mild and Cauftic Alcali, it communicatete 
a Tellow^ although this Liquor eiFervefces with 
Acids 5 pure Cauftic Alcali receives from it a vivid 
Green. 

Thefe Colours vary confiderably, in their Hue» 
from thofe which have been already defcribed : and 
from this difference, a$ well as from the Gradation 
^f the coloi^rs, they 'appear to belong to a &parate 

%^ 2f Numerous 
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^lis Inquiry, the AttennatiQii occafioiicd by H^ 
{Jiould have effe^d a cgn^t^vy change xxf th^Xf; 
.colours* 

J^'rom thefe confiderations, as well as from thfi 
pbferv^ons of M. Hcllot, I judged that Heat, «i4 
Cold, we .^Pt ncpeflary Agents in the Produftion or 
Suppreffion .of the Colour. With a view to a fur- 
ther examination of this matter^j I made (he follow- 
ing exjtq-iroepts. 
• > 

(i,,) The Coloiir of thcf Charafters written with 
the Sympathetic Ink heing produced, by wanning 
^the Eapi?r on which thejr wcr? drawn, I immediately 
cxpofed ^pfe coloured Characters to the Steam of 
' boiling Water :" takijig care at the fame time not tQ 
jfcmove the Paper, which contained them, further 
irom the Fire, than to the fame diftance at which it 
was held, when the Colour was bropght fotth. The 
Charafters, thus expofed to the Steam, prefently dif- 
^ppeare4 • y^t ^^ Paper was ^ot fenfibly mpiftened* 

(a.) I marked another Paper with the faipe Sym-? 
pathetic Ink, an4 produced the Colour by warming 
)tj as in the foregoing Experiment : in this flate I 
|)ut it into a flint-^glafs Phial, which had previoufly 
hcen kept open for a confiderable time^, in a Sand-r 



f 
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beot^ moderatelf' vrarmedi that the moift^Air migkc 
be'«q)elled ftom out of it: I thea flopped the Pbial 
with ar* ground^ Stopple, which I furrouoded withi 
melted wax. Th6 Paper, dius inclofed, wa6<placed' 
in various degrees of Cold : the Colour bas^ never-^ 
thelefs, remained, fome months, unaltered^ I have 
iince found that this fecond Expriment is, in fomt 
refpedls, fimilar to one made by M. Hellot« 

The firft of thefe Experiments, (hews that . th* 
Colour of this Compofition is capable of being de-^' 
ftroyed, by a fmall and infenfible quantity of Moi* 
flare, notwithflanding, at the fame time, the Papef' 
be expofed to a greater Heat than that whitrb caufed 
its appearance. From the fecond Experiment, it is 
evident that mere Cold docs not difcharge or change 
the Colour. 

From hence, and from th^ Obfervations of M. 
Hellot and M. Cadet, it appears that the Alterations 
are efFccfled by the Moifture of the Air, attradled by 
the Saline Matter when cold-, and expelled from it 
when heated. And this is confirmed by the confi- 
deration of the ready Deliquefcence of the Salt, ob- 
tained from the Solution of Cobalt, of which the 
Ink is formed. M. Cadet attributes the Difappear- 
ance of the Colour to a Fixed Alcali, communicated 

to 
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to tbc Compoiition by Sea Salt, or: other ^9lt$ con^ 
taining that Bafis. But this opinion i$ erron^pujs^ 
becaufe Chara(^ers written with the pure Soluti^a 
of Cobalt in the Nitrous Acid diluted, give a red 

Colour when heated, but become invisible when re- 

■ « ^ 

moved into a cooler Air* . , , 

• 

Coloured Salts, diffolvcd in much Watej, and 
fpread, fo as to form a thin layer of the Liquor, be- 
come pellucid and colourlefs. The caufe of the loTs 
of Opacity and Colour by thefe means, is explained 
by Sir Ifaac Newton (78). Thefe Salts are again 
rendered vifible, as foon as. the water, which held 
them in Solution, is difcngaged. I have already in- 
ftanced Changes of Colour arifing from an Evapora- 
tion of Water, whereby the Particles of the coloured 
Body accede, and are united into largdr Malfes. * T 
fhall hereafter relate another Experiment, in which 
one Subftance affords feveral Colours^ in their regu- 
lar Order, by the gradual lofs of its Moifture (79). 

The preceding Experiments were made with Pa- 
per, marked with the Sympathetic Ink, in compli- 
ance with the common method of ufing that Liquon 
But the operation may be much more diftinftly ob- 
fcrved, if a larger quantity of the Ink be evapo- 
rated, 

(78) Sec p, 29, above.*— -(79) See p. 91. 
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xatti, in a veScl not capable of imbibing it. When 
it is expoied to a moderate Heat, in a white China* 
Cup, and when the greater part of the Water is 
evaporated, the Saline Matter becomes Green. This 
colour arifes from a fuperfluous quantity of the Ma«- 
fine Acid, which ibon ilies off, and leaves the re- 
m'ainiog part Blue, (lightly inclining to Green. At 
the fame time that it acquires this Colour, it forms 
a hard, dry Mafs, which, in a few minutes after its 
removal from the Fire, grows moid, and aflumes a 
light red Colour. Thefe Alterations may be often 
renewed, by alternately heating and cooling the co- 
loured matter : which does not again become grteo, 
after the fuperfluous Marine Acid is once evaporated. 
But a drop of Spirit of Salt added to the red or i/ue 
Mafs, immediately renders it green. 

The Change from Red to Blue, eflfeded by Heat, 
in this Experiment, and the contrary Change which 
takes place on removing the matter from the Fire, are 
fimilar to thofe which the Characters written on Pa- 
per undergo : excepting only that the red Mzfs^ which 
is the Refiduum of this greater quantity of the Li- 
quor, affords Co large a portion of the Saline Matter, 
that it cannot he rendered inviiible by the Moifture, 
which it attraAs from the Air. This circumftance 

M alfo 
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dife k common to the Charadfers 's^ten oi^ F^fiet^ 
JM4ien, by neglof^ing (blficientlf to dilute the Sola- 
.tion> too great a quantitf of the colouring S^' i^ 
fpread upon the Papef-^ 

When Preparations of Cobalt are a&ed iipoi| 
merely by H^at, the Order of the Changes <)f O^ 
lour eile^ed in them, is fuch ae, in other inftaneeb^ 
conftantly ari(ed from that means of AttetMaation; 
Thus when the yetiow Solution of this Miikerai^ in 
the Marine Acid» is heated^ it afllinies z green<2oMe9f$ 
pafiing from a lefs to a more refrangible <)Olowi, 
When ^is Solution is cooled, the Teiiow t% tc&ot^^ 



Colours changed hy Dilutkn. 

I have already examined feyei^l of the methods, by 
which the minute parts of bodies are feparated; fuch 
9S Heat, Solution, Putrefa^ion, &c. and have (hewn 
that the Subftances, affisAed by each of thefe means 
€^ Attenuation, conftantly undergo regular Changes 
from the lefs to the more refrangible Colours done 
Order, and from thence to tbofb of the Order of 
CqIoucs jicxt above. 



I 
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^^VytiiA add td tJbiefe^ Jbmeinifbiice^ of fimaar 
Chan;^e9 prbdoced in colalved Liqaors^ hyDilutim: 
VrKich id anofber meaBS of attenuating them. I 

liavfc not met with aay Acrotirits of Alterations of 
Colour, thus efFcdcd, except fbch as relate to Orange 
CdldufsV vdiieh, by ^Dilution, arc readily changed to 
Yellow^ ^ome of thefe, from their intenfenefs^ in-* 
dihc to an obfcure Red. In thefc Experiments I 
hdVfe purpofely avoided the Ufe of thofc liquorsf, and 
have employed fuch only as are capable of under-* 
going changes, from one diftind Colour^ to others 
t9*hidi arc equally vivid and diftinft. 



• . I 



; (i.) I m^dc a Trndure, by digefting Turmeric, 
redbced to powder/ in Redified Spirit cdf Wine, till 
if ftad' at(5[uked a bright TeHow Colour. • To one 
ounce of this^ I added a few drops of a weak Sola-* 
tion. of Potafli, which changed the TeUow into a 
vivid Roie-Colour. 

Into this r?// Tindlure 1 poured about an ounce 
of diftilled Water; by which means it became 
Orange^coloured : to this I added another ounce of 
Water, which perfedHy reftored the original Teliow 
Colour of the Tindture. 

M 2 Inftead 
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. Inftead of Wftter» I pouixd Rc^fifd SpifitTof 
Wine into the red Tinfiure. Tl^ chan^9 wins^' 
it ^produced therein^ were the fame as were produced 
in the foregoing mixture. Lailly, I fubftitutedj (n 
the room of the Water and of the Spirit^ nearly, 
a like quantity of t)ie fame S<dution of Potaflit by 
which I had given thp red Colour in thefe mixr 
tures. The red Tinc^ure^ diluted by this Alcalia^^ 
Solution, underwent tl^e faoie Chan^ as in the t^ 
former Cafes. 

(2.) Strong Spirit of Nitre, drawn frctfn roug^ 
Nitre much impregnated with inflammable matter, 
is of a full Tettow Colour : by the addition of diftil- 
led Water, it afTumes a vivid Careen. I lq»rned thit 
curious fad from Dr. Higgins^ 4^ring my atteiui-: 
9nce on his inftrudive Chymical Lpe^u^es. 

(3.) Another iimilar inftance of a Change fr<^i^ 
a lefs, to a more refrangible Colour, is aflforded by 
the Nitrous Spirit, which is procured by Diftillation 
from' equal parts pf Arfenic and Nitre : for its Co« 
lour is a bright Green, but it is inftantly changed tq 
9.. Sky Blue by the admixture of Water, 

The 
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: The colouring matter of both theie Acid liquors 
ffems to be Phlogiftoii], from many circumftances^ 
and piuticularly from its flying ofF» and leaving the 
liquor colourleis^ when expofed to the air in an 
icipen vel&l : and becaufe the Acid» drawn front 
pure Nitre, does not become green by the addition 
of Water : but the nitrous acid, however phlogifti- 
cated in diflillation or folution, is conftantly thus- 
afl^Aed. 

(4.) To theie Experiments, niade by Dilution, I 
iha^l a4fl' another^ which is effeded by the gradual. 
Evaporation of the Water intervening between the 
parts of a coloured Subftance : by which operation 
diey coaleice, and are united into larger Mauef, af--! 
fording Colours in a regular prder^ according to 
that Change of Texture. 

r digeiled in Jamaicji Rum, during feyeral weeks^ 
Cum Guaiacum reduced to powder. I added half « 
dram of this Tind^x (o an ounce of a thick liquid 
IVfucilage, confiding of Gum Arabic diflblved in 
\^ater. The Colour of l^s mixture was a Sijf Bbu: 
but when it had ceafed to be fluid by the gPMJlual 
Evaporation of the Water^ it acquired a vivid Greene 

when 
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when it Was tecome fo dry as to fgrm a brittle Mmi 
its Colour changed to Tetlqw. 

I have thus examined the feveral means, by which' 
the colouring parts of natural bodies axe capable of 
being divided into fmaller, or united into larger^ 
Maffes : and have £hewn that each of thefc produces 
Changes of Colour, according to one uniform aa4 
general Rule. 

It feems to me to be worthy of Obfervation, that 
as the Sky (which confifts of Air and Vapour^ 
whofb parts are more minutely divided, and n^ore 
rarely diffeminated, than thofe of any other colourecf 
Medium) is Blue oftbejirjl Order, which is the mofl 
refrangible Colour (80) : fo on the other hand. Gold, 
(which confifts of particles mdre denfely united, 
than thofe of any other kndwn Subftance) whenever 
it is divefted of its metallic Luftre,- is Red, which 
is the leaft refrangible Colour. The Colours of the 
Orders, which intervene between thefe Extremes^ 
are very numerous; but it appears from the fore- 
going Experiments, that all of thcrti ^ro regulated 
by the fame Law. 

(80) Sec Newton's Optics, L. 2. part 3. prop. 7. 
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If the Simplicity and Uniformity, which Nature 
bbferves in her operation;, is illuflrated by this In- 
quiry, my purpofe is fully anfwercd. From the 
knowledge of the Caufe^ on which the Changes of 
Colour depend in Permanently coloured bodies, not 
only alterations which happen in their texture may 
f)e explained; but the Experiment; and Obfervations 
may probably lead to curious and ufeful difcovcries 
in the Arts of Painting, Dying, and various Manu- 
faftures, and throw new Lights upon many brapchee 
pf Chymiftry and Natural Philofophy, 
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ADVERTISEMENT. 

THE following Paper was publiflied in the Phi-* 
lofophicalTranfadtions for the year 1765, and 
the Author had the honour of receivings for this 
Communication^ the Medal which is annually con«> 
ferred by the Royal Society. It is here added to 
the foregoing Work, on account of the Connexion 
between their Subje<Sks. Their Relation to each 
other is, indeed, greater than it may probably ap^^ 
pear to be, upon a tranfitory view. For^ in one 
of thefe Inquiries the Colours, arifing from a Dif- 
ference of the Stze of the colouring Particles, are 
examined: The other treats of the Difference of ' 
Defifity, and of the Colours produced by that Cauie. 
If it be confidered, however, that by feparating the . 
Particles of a toloured Subftance, they are removed 
to a greater diflance from each other, fo as to occupy 
more fpace ; it will thence be evident that the fub-* 
ftance, thus affected, muft undergo a Diminution of 
its Specific Gravity, at the fame time that the Size 
of its Particles is kjfened: and the Converfe of this 
is likewife true. 
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My Lord, 

IT A K E the liberty of laying before your Lord* 
(hip the following paper, containing a variety of 
fadts and experiments, which I have endeavoured to 
^pply-to fome Optical inquiries, 

Befides the experiments originally contrived and 
made by myfelf, I have repeated qt^of^ q{ thoft 
which I have quoted from other?. 

Sir Ifaac Newton, in his Optics, has ihewi) by-^ 
feries of experiments, that the feveral differences of 
colours, exhibited by thin tranfpafent plates, are 
pccaiioned by their feveral thicknefles i and that 
therefore the tranfparent parts of bodies do, accord* 
ing to their different fizes, refledt rays of one colour 
and tranfmit thofe of another; and confequently 
that the bignefs of the component particles of 
natural bodies may be conjectured from their 
colours ; fince the particles of thofe bodies mofl 
probably exhibit the fame colours as a plate of equal 

thicknefs. 
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tliickne(s» provided they have the fame 6en&iy. 
He concludes thi& whole dodrine in thefe wotds'^ 
'^ I have hitherto explained the powers of bodies 
^^ to refled and refradr^ and fliewed that thin tranf- 
'^ parent plates, fibres, and particles, do, accord* 
** ing to their feveral thickneffes and denfities^ relief 
'* feveral forts 6f i^ys, and thereby appear of feveral 
coi^tars ; and by €^nfequeRcey that nothing man 
isrequifite^ for producing all the colours of natural 
*^ bodies, than the fevef al Jizes and denfities of their 
•* transparent particles." 

Though he faai accurately (hewn what cchurM 
arife from the' feveral changes of tbicknefsy I do not 
find that any one has attempted to explain in what 
manner the differences of denfity^ in the component 
|>artidcs of bodies, contribute to produce the fcve-* 
ral differences of colours : tfnd therefore I thought^ 
that if inflances could be produced of bodies whofe 
feveral differences of colour appear to be proportioned 
to their feveral degrees of denjity^ it would tend to 
illuftrate this part of Optics. 

To this purpoie, howeydr, are conducive all thgie 
experiments and obfervations, from which Sir 
Ifaac Newton has inferred that bodies have their 

refraSivi 



r^a^ivt ^nd r^Sivi powers nearly propprtiona} 
^Q-thok denfities ; aji4 that the leajl r^r4mgibli rays 
tvipqtiiffe tl^ greateft ppwcf to f cfle<^ thqn : whicl^ 
4t 4edttci^k froii) hence, i . T|ia$ the re4 fays are 
-reflected at the greatefi obliquity ^ fficidence, and 
the violet at the /<^^* 9« That ^e ttii^/f/ is refle(fted» 
in like circumftances^ at the haft thicknefi of any 
thin plafc or bubbki jhe red at the greateft thick- 
iief$, aad the intermediate colours At in|ei:q[iQdiate 
thicknelTes^ 3. The .ianDte appears from ^ table 
^p« 206.) in which tlie thickne0es ^ air, water, and 
glafs, and fhe pploui^ produced by them Are fef 
jdown^ 

, Tbefe e|:periments are applied by him to tranfr 
fnarent bodies and the colours exhibited by themi 
JmC they are equally applicable to permanently 
coloured bodies : apd it appears ff om them, that 
denfer fubftances ought, by their greater refeSive 
power^ in like circumftances, to refledt the lefs re^ 
JroM^le rays, and that fubiUnces of lefs denfity 
0ould refled rays proportionably more refrangibkf 
i^id thereby appear of feveral colours ip t^e order of 
fh?ir deniity« 

In 



In confirmatibi} of this reafonifig, I (hafl giiTt 
inftanccs of natural bodies^ which differ from each 
other in denfityi though circumftanced alike, in 
other reipedts; and (hall fhew that they differ in 
colour^ in the fame order they do dn denfity^ th6 
denfeft being red^ the next in denfity^ orange, 
yellow, &c. 

In fuch an inquiry metallic bodies feem to de^ 
ferve oHr iirft and principal attention^ as ikitir Jpecifie 
gravities have been afcerfained by well-ktfown and 
repeated experiments. Without entering into a 
minute chemical theory of the principles of metals^ 
it is fufficient to obferve that they are univerfally 
allowed to confift of^ i • An inflammable matter, 
which is of the fame kind in all the metals. 2. Of 
a fixed matter 6r calx, which appears in each of tht 
metah to be fpecifically difierent in weight , as well 
as in other properties. 

As the inflammable matter, in the intire metals^ 
adls flxongly on the rays of light, it is necefl!ary to 
calcine, or to divide them into extremely minute 
particles, in order to examine feparatcly the adtioa 
of the calx, or fixed matter, on the rays of light. 

In 
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tn order to examine all the metals in like circum- 
ilances^ by reducing them into the ftnalleft particles^ 
^nd depriving them of their Phlogifton as far as Was 
pradticable, I expofed each of them, united with a 
proper quantity of the pureft Glafs, without any ad^ 
dttional ingredient y to the greateft degree of Jire they 
are capable of bearings without having all colour 
whatever dtjlroyed. 

In this ftate it appears, from a variety of experi- 
ments and fa<fts^ that they adually do, without any 
exception, exhibit Colours in the order of their 
Denfities, as follow. 



Gold- 
Lead — 
Silver - 
Copper 
Iron — 



mmm 



Red. 

Orange. 
Yellow. 
Green. 
Blue. 



GOLD, 
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G O L IX 

GOLD, which is the denfcft of all the metals^ 
imparts a red colour to g/a/s, whenever it is divided 
into particles fo minute, that it can be intimately 
mixed with the ingredients of which the glafe is 
made ; and it ieems indifferent in what manner it is 
reduced to this flate. Thus : 

I • From the powder obtained by rubbing go/J with 
a pumice-ftone, ufed by the goldfmiths in po- 
lifhing it, mixed with nitre, borax, and potafti, 
a beautiful red glafs is produced *. 

2. When a fmall quantity of a folbtion oi gold in aqua 
regia is evaporated on ^ glafs plate, with a gentle 
heat, that part of the glafs on \yhich it lay thin- 

neft, 

• Sol fine veftc, cap. 8. 

Junker, Confpeflus Chem. tab. xxxiii« de Auro, p. 852. 
' Aurum detritum pumice, feu pulvis auri pumice, quo aurifabrl fua 
opera poliunt et abradunt, commiftus, Gold-SchliiF,- fi cum ana ni- 
tri, boracis, et cinerum clavellatorum liquido fundatur, praebet vt-^ 
trum^ inftar optimi opi^cum encauftici, ruhro colore pellucidum, fub« 
fidentibus paucis auri granulis ; teftante autore Soils Ane vefte. 

Shaw on Boerhaave's Chem>. vol. i. p. 79. Gold ground with pu- 
mice, and afterwards fufed with equal parts of nitre, borax, ap^ 
pot sdhes, affords a fine tranfparent redglafsn 
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neft, is tinged red, by the entrance of the par-^ 
tides oi gold into its furface *. 

3. Artificial rubies are made by mixing with glafs, 
goid diiTolved in aqua regia, and afterwards caU 
cined in the furnace % 

4. Kunkel prepared a powder for the fame purpofc, 
by precipitating the gdd from the folution by an 
alkaline liqiior '. 

5. Gold precipitated by tin from aqua regia, and 
melted with glafs in a proper proportion, tinges 
it with a beautiful ruby colour: this method 
was difcovered by Caflius % and farther improved 
by Kunkel ^ 

O 2 6. The 

* Philof. Tranf. N«. 286. 

* Neri's art of Glafs, cbap. 129. 

Calcine Gold with aqua regia many irmes, pouring tbe #ater upon 
it five or fix times : then put this powder of Gold in earthen pans« 
to calcine in the furnace, till it becomes a red powder ; which will 
not be in many daysi then this powder, added in fufficient quantity, 
and by liule and^ little, to fine tryftal ghfs, which has been often 
caft into water, will make the tranfparent red of a ruby^ aa by ex- 
perience is found. 

* Lewis's Hiftbry of Gold, p. 176. - 

" Caf&us de Auro, p. 105. 

' Junker, Confp. Chem. tab. xxxxii. de Auro, p. 86x. 
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6. The fame colour is produced by fufing gold with 
a large proportion of tin, and two thirds of lead, 
or by mixing it with regulus of antimony, or 
tin by calcination, and adding to glafs the pow-» 

' ders oi gold obtained from thcfe proccfles *, 

7. Gold amalgamated^ with mercury, and digefted 
with it for a confiderable time, may be reduced 
to a fubtile powder by expelling the mercury : 
this powder, melted into the glajs^ tinges it of 
a beautiful red ^. 

8» Gold leaf melted into the furface oi glafs ^ by the 
cleftric force, imparts a red colour to it : this 
was firft obferved by Dr. Franklin, and has been 
often repeated *. 

There 

» Shaw's Notes on Boerbaave's Chem. vol. i. p. 78, 

^ Shaw's Abridgment of Boyle, vol. i. p. 459. 

An induftrious perfon, having united Gold with a particular qufck- 
filver, kept them in digeftion for fome months ; when the fire ha- 
ving been immoderately increafcd, the fcaled glafs burft with a 
frightful noife : though the upper parts were blown off and fhattered 
to pieces, yet the lower efcaped tolerably whole ; and 1 took notice, 
with delight, that it was tinged throughout of z fine and glorious nd^ 
hardly to be matched by that of Rubies. 

^' Franklin's Letters on Eledricity, p, 65. 
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There are many other ways of communicating 
this colour to glafs by Goldi and I find no method 
by which it can be made to produce any other colour. 
If it be mixed in large maflcs, without being 
ipinutely divided^ it imparts no colour tp the glafs, 
but remains in its metallic form« 

Grummet attributes this colour to the manga- 
nefe, ufed in making fome forts of glafs, the colour 
of which he fuppofes revivified by the nitre ufed in 
the preparation of the gold : it is neceflary therefore 
to mention, that I have given a red by gold io feveral 
glafjes^ in the compofition oi which there wa§ no 
manganefe^ and often by gold in the preparation of 
which there was no nitre^ 

Several preparations of gold will impart a fine, red 
to the fritt or materials of which glafs is made, in 
a fmall degree of heat ; though not minutely enough 
divided, or in too large quantity, to remain mixed 
with the glafs, when expofed to a degree of heat 
fufficient to vitrify them perfcftly. 

I. E A D. 
LEAD, which is the metal whofe denjity is next 
in order to that of Gold, affords a glafs of the colour 
of the Hyacinth, a gem whofe diftinguifliing cha- 

ra^r 



rafter is, that it is red with an admixture of yeH&Wf 
the fame colour which by writers in optics is called 

orange. 

1 • Lead, kept in fufion for a confiderable time, in 
a ftrong crucible and a very violent heat, is re- 
duced to a glafs of the colour of that gem \ 



2. Lead reduced to litharge, and melted v^th one 
third or fourth part of it's weight of fand, in *a 
covered crucible, in a ftong fire for two or three 
hours, unites with the fand into an orange-colouf^ 
ed glafs like the former *. 

3* Glafs of Lead is mentioned by feveral authors^ 
as a compofition proper, without the addi* 
tion of any other ingredient, for imitating the 
Hyacinth "*-* 

SILVER. 

^ Flora Saturnizans, chap. ii. Henckel de appropriatione, cap. ti« 
fea..4. 

* Junker, Confpeft. Cbem. tab. xix. p. 434. 

Recipe Lithargyrii partes tres, arcnse nitidae partem unam j mifts 
imponantur forti tigillo ; per 3 crrqter horas tenuilEmc fundantur, 
quo {z£to maiTam fluentem in calidum mortarium effunde, et babebis 
viirum peUucidum Hyacinthini ferme coloris* 

• Shawns Lectures, p. 299- 

• Lead melted into glafs with fand is the foundation of imitating all 

the 
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SILVER. 

YELLOW is the only colour which Jilver^ the 
mejtal next to lead in denfify^ can by any preparation 
l)e made ^o impact to glafs* 

I. Without infifling upon what fome chymifbs 
affirm, that Jiher^ on being calcined and ex- 
pofed to a violent fire for a long time, was partly 
reduced to ^yellow glajs "; 

2. I . 

the coloured gems : for this glafs itfelf syill refcmble the Hya^ 
pnth, &c. 

Merret*s notes to Ncri, chap. 6i, 

Our author onentions not a Hyacinth fronpi gla/s of Lead, Bap. 
Porta Aipplies you with it, 1. vi. c. 7. in thefe words : To make a 
very Hyacinth^ and not much diflering from the true ope, put lead 
into earthen pots that are very hard, in a glafs furnace, and there 
let it ftand fome days, and thus your had is turned into glafs^ and 

lixritates the colour of the Hyacinth, 

Nichols's tjtiftory of precious ftpncs, part i. chap. 7. of the Hy- 
acinth. 

The Hyacifith is a ftone (as faith Boetius and Rulandus) which is 
red with a certain yellownefsy or rufefcit in auro \ that is, it is red in 
yellow. Impoftors adulterate it with a kind of glafs made of Lead. 

Boetii gemmarum et lapidum hiftoria, 1. ii. c. 31. Adulterium 
Hydcinthi vix meretur; in illius locum aliquando fubftituitur ex 
plumbo vitrumj quod a vera gemmi pondere et duritie facile diftin- 
guitur } mollius enim et gravius verd gemma. 

« Merret's Notes on Neri, chap. 8a. Claveus faw Silfter calcined 
tpvo months in a glaf^ furnace i the twelfth part of which became ^ 
eitron glafs. 



2. I have often ^wtn that colour, by moiftcning thtf 
. furface of the glafs with a Jolution of Silver^ and 

afterwards making it red hot. 

3. If Silver be calcined with fulphur, it readily 
communicates zyelloiv colour to glafs •. 

4. Having carefully purified an ounce of Silver, I 
kept it in fufion fome houn^, with a fmall quan- 
tity of glafs, and found, that the gkfs, when 
cold, had formed a beautiful yellow enamel on the 
furface of tht fiver. 

5. Leaf 

• Shaw's Abridg. of Boyle, vol. i. p. 458. To (hew more par- 
ticularly that glafs is porous, we took Jiher calcined by burning 
fulphur on it in the open air, and laid it upon a piece of glafs^, and 
placed it with the pigment uppermoft, u[X)n a few quick coats to 
. Ileal a while \ we gave it fuch a heat as might make and keep it red 
hot, without fuifion ; and then fufFering it to cool by degrees, we 
found that the glafs had acquired a yillow and ahmfl golden colour. 

Shaw's Abridg. of Boyle, vol. ii. p. 98, I learned from one*of 
the chief artificers in painted glafs, that thofe of his trade colour it 
yellyiv with a preparation of a calx offilver. 

Kunkel's Art of glafs, part ii. art. 49.. Experiment fhews that 
it is from Slher the finejl yellow is obtained. Shaw's Ledures^ 
p. 316. A little Stiver tinges v/hitc glafs yellow. 

Hook's Micrographia. obf. 10. of Metalline colours. A third ar- 
gument that the particles of metals are tranfparent is, that being cal- 
cined and melted with glafs, they tifige the glafs with tranfparent 
colours. Thus the calx of Jiher tinges the glafs on which it i9 M- 
ncaled with a lovely yellow or gold colour. 
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^. Leqfjlher laid on red hot glafs tinges xtyelkw. 

When we meet with authors^ who mention a blue 
or greenifh colour communicated by filver, the 
caufe muA: have been> that the filver ufed in fuch. 
procefTes was mixed with copper^ as it generally is, 
when it is not carefully purified ^. I have always 
jFound, that Jilver pUrified by the tejl retained fo 
much copper^ that> when melted feveral times with 
nitre and borax, it imparted a green tinge at the 
firft and fecond melting, though afterwards no fucb 
cohur was obtainable from it. 

COPPER. 
GkEEN is the only colour which copper ^ the 
metal next to filver in denjity^ communicates to glafs^ 
when melted with it in a fufficient heat, mtbout 
any additional ingredient. Thus : 

« 

1 . By grinding cryfial glafs in a copper mortar, and 
aiftcrwards melting it, it becomes green. 

2. Copper calcined per fe in 2l furnace ** ; 

P 3- Copper 

> Merret's Notes on Ncri, c. go. Junker, ConrpeA. Chem. 
tab» XXXI V. p. 889. 901. Shaw's Abridg. of Boyle, vol. ii. p. 98. 

$ Shaw7 Abridg. Boyle, vol. ii. p. 98. Though copper cakimd 
per fe affords but a dark and bafely-coloured calx, yet the glafs-men 
tinge their glafs green therewith. 

Ncri, 



3. Copper calcined with fulphur '; an^ 

4. Scales beaten off ffom red hot copper plates m{xe4 
with gla/Sf equally impart a green colour to it. 

It is indifferent in what manner 'the copper is pre- 
paredy in order to tinge the glafs green, provided it 
be expofed| without any other ingredient^ to a fuffi- 
cient degree of heat *. I have frequently produced 
zjine green from copper fi\\ng^ unprepared. 

If a quantity of fait s be added in the preparation, 
they will> by attenuating the imxtiire, make the glaf^ 

incline 

Ncri, chap. 92. This fort of purfft gfafs will be tinged intD all 
colours you deiire : for example, into an tnurald with brafs thrice 
calcined, as is done for ordinary glafs : into a fe^ grun with hraf^ 
calcined to rednefs. 

' Junker, Conf. Chem. tab. xxx. p. 433, QeiyUus marinx vj- 
riditaiu per cuprum cuni fulphure palcipatum, 

' Kunkel's Notes on Neri, chap. 32. Though with copper 
alone one may produce grtin^ it ii nevertheleis crocus martis AMSt^ 
rently prepared that makes a variety in it. I have not found that the 
diiferent manners of preparing copper have produced diiFerent cor 
lours. I have experienced that by calcining copper per fe^ without 
aay addition, I could produce all the effeAs that the author teacbea 
ua to bring about by difFerent preparatio|is of that metaH 



> 
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iAcline to t>lue9 the colour next in order * i but 4n^ 
happens only when the fire is moderfHe^ for in i^ 
greater degree of heat^ the redundant falts, even 
tho& of the mbft fixed naturci are expelled "*• 

It is tr\ie» that copper is mentioned by fome 
writers, as an ingredient in red glafs and enamel :. 
but the red^ which is the colouir of the metal not 
diiTolved or mixed with the glafs, remains only 
while the compofition is expofed to fuch a degree 
of heat as is* too fmall to melt and incorporate itj 
for, if it be fuffered to remain in the furnace a Jew 
minutes qf'ter the copper is added, the mafs will turn 
out green inftead of red ^ : in eiFed, the preparation 

P 2 of 

< Flora Saturnizansy chap. xi. art.. 6, When a gieen colour is 
to be given to glafs, care muft be taken not to ufe t99 much fab in 
the compofttion of the glafs ; otherwife the colour will be hluetjhy 
and bordering on the colour of the aigue mslrine. 

Neri^ chap. 32. An emerald colour in glafs. 

In making green you muft obferve that the metal have not much 
falt\ with metal that hath much fait, as cryftal and rochetta have, 
you cannot make a fair green, but only a fea green ; for the fait con- 
fumes the green, and always inclines the colour to a blue ; where- 
fore, when you would make a fair gnen^ put common nutaL 

Shaw's Leisures, p. 29. Copper precipitated n^ith common fait 
out of aqua fortis gives the torquois colour to white glals, when 
melted therewith. 

° Kunkel's Remarks on Merret's Notes^ p. 299* 

^ Neri, chap. 127. This chapter defcribes the method of making 
red glafs, in the compofition of which copper is ufedj and Kunkd 

makes 
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of copper recommended on this occafion» is exa£U^ 
the fame as that ufcd in tinging ^Aj/} green. 

IRON. 
IRON, being of all metals the moft imperfeft, 
is fubje<a, by various means, to be cakiaed or re- 
duced, to a ruddy crocus, fimilar to the ruft that 
ariies from it's being corroded by the acid in the 
air. In this ftate, it requires a confiderable degree 
of heat to diflblve and incorporate it with glafs.: * 
till that heat is applied, it retains it's ruddy colours 
by increafing the heat, it paffes through the inter- 
mediate colours, till it arrives at it's permanent one, 
which 19 blue : this being efFe<fted in the fame de* 
gree of heat in which we have examined the other 
metals, that is, the greatefi that the glafs will heir 
without lofing all cohur n^batever. 

The 

makes the following remark on it: *^ This compofition is very diffi* 
<* cult to make ; it is necefiary to feize the moment at which the 
^< matter is well tinged nd^ to take it immediately from the fire; for 
^* half a quarter of an hour too much is fufficient to c/^^n^^ //^ colour.** 
In the next chapter, fpeaking of a reJ enamel, into the compofition 
of which coppfT enters among other ingredients, Kunkel makes this 
remark : *^ This compofition is veiy fine, and lefs troublefome than 
<^ the preceding one : but, after having added the copper^ the matter 
** muft not be left on the fire : if this is not attended to, tt becomes 
^< fruHj and the red colour that it had taken at firft does not loft.** 

Gellcrt, Chem. Metallur. problem 97. Copper gives a blood-red 
to glais ; but }f it is left too long on the fire, it ^cornet gretn. 
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The green, widi which the glaf% tried for bottles 
and chemical veffels is tinged, is occafioned by the 
iron contained in the vegetable a(hes and fand, of 
which that glafs is compofed. When the pots, in 
which the matter has been kept in fufion^ are 
nearly emptied, the glafs remaining at the bottom 
is always 6/ue; this is caufed by it's continuing 
longeft expofed to the fire, and in fo fmall a quan* 
tity that the fire has a greater efFcft on it. The 
whole mafs acquires the fame colour^ if too much 
f^d be adde4 in proportion to thp afhes ; for, in 
that caie, the materials being ^ more di^cult of 
fufion, the workmen are obliged to apply a greater 
heat, and to continue it longer. 

It is known, from the experiments of Lemery and 
others, that the vegetable afhes contain iron '• To 
examine whether that metal be alfo contained in the 
fand ufed in making this glafs, and how far the 

colour 

* Becher, Phyf. Subtenaii. p. 67. 

Haec priiQa t^rra (vegeubilis) cum mineralibus vitris, quae ex 
aaena et filicibus parantur, conveniens eft, ut nulla re, nifi colore, 
inde difcerni queat, qui viridh eft, wt\ fubcoerukus^ indelibilem regni 
fui afterifcum fervaos, nempe vigitaUUm virUitatem exprimens. 

Flora Sat cap. 8. Note. 

As that blui 9r green colour is owing to the tr$n which is found 
in the aihes of all vegetables, it muft not be looked on 9s a mark oi- 
pable of charaderiiing a vegetable earth« 



t:oiour of^ the ghSk ckpeik4& v^pon it| I ixUde 4ihe ^dI- 
ioiviag ^xperimenta : 

. Exp. I • Having procured foQie of the fand uTed 
VI making green glais^ I melted two parts of it with 
one part of bora^» and one part, of nitre» and found 
that it produced a glafs (imilar in colour to that- 
which is made with the fame iand fluxed with pot- 
aihes; Frpm hence it appears^ that th^ colouring 
i;natter wa^ contained in the fand. 

Exp. 2. I mixed three parts of this fand with 
one of powdered charcoal, and expofed it for fome 
hours to a red heat. When tlu3 mixture was cold>> 
I ieparated from it, by a magnet, fmall grains of irong 
weighing about one twentieth part of ^ fand. 

« 

Exp. 3. I. melted fand tSii^^ deprived of its iron^ 
with half its weight of borax and the fame quantity 
of nitrey and found that; it produced a perfedly 
colour lefs and tranfparent glafs. 

Exp. 4. To two parts of the white fand afed in 
making cryfbJ glafs, and one of borax and nitre^ I 
added a twentieth part in weight, of x}i\^. grains of 
irony which I had extracted from the. fand by Exp • 2. 
.iknd having vitrified this conrpofition, I found that 

it 



U was become exadly fimilar in ci>lMr, to that com:- 
mxxilj ttfed in making green glais. 

Ejpp. 5. I cxpofed (everal pieces of gre^ ifittk^ 
-glafs made at different glafs-houfes, under a moffle^ 
to a ftrong fire, for the fpace of half an hour, an4 
found that they were all becon^e hluep 

If the crocus of iron is added in too great a pro* 
portion, it continues to adhere together, and remain^ 
unmixed, or at leafl imperfectly mixed, with the 
glafs, retaining for that reafon the colour natural to 
\t when undiflblved j or Jf it be in a fmallei: quan- 
tity, though yet in too great a proportion to be 
difiblved, it will make fome intermediate colour 
between the ruddy and the blue, which laft it sdways 
imparts, wljen in a fufficient degree of fire and 4 
proper proportion. The Qecefiity of a due propor- 
tion of « metal to the glafs has been already inflanced 
in gold, which, if in too large a proportion to be 
diflblved by the glafs, inftead of imparting a red 
polour to it, runs together in its inetallic iovvfi. 

$ 

Henckel has given us a medipd of making a beau^ 
fiful blue glafs by this means. It confifts merely in 
mixing iron with the matter of which the pureft 
glafs is compofed^ aad expofing it to a vi$knt fi^e^ 

Geljert 
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Gellert Obferved alfo^ ' thftt iton imparts to ^aft tlitl 
colour ^. Mr. Lehman obtained the fame colour 
from emery, which is a kind of iron ore^ or ferruginaus 
ftone, by mixing it with a vitrifiabk ^rth ; which 
colour he attributes to the iron contained in it*^ 



y Henckel, Diflert. 6. On a blui obtained from iron. 

I coloured glafs with iron^ and gave it a V4ry fine bhu. I hat! 
calcined, in a pot, fileings of Styrian ftnU which I kept about a 
quarter of an hour in the fire, without ilirring them, till tbey had 
taken a purple colour, bordering on violet ; I mixed about half a^ 
grain, which I had ground well in a glafs mortar, with fifteen grains 
of very white flint and a very fine alkali ; I put the whole into a 
crucible, covered it with care, and expofed it to the mofi violnU fin. 
The furnace being cooled, I found a glafs of the colour of ^fappbirey 
' it was impoffible to fee a finer Uue^^ either for colour or tranfparenct, ' 

Gellert. Chem. Metallurg. vol. ii. prob. 97. Cobalt Calcined 
gives to glafs a very fine blue ; but if too much cobalt, for example 
an eighth part, is ufed, the glafs will become black. The calx of 
iron produces xiitfame efiisf-y and fometimes it happen^ that one fide 
6f the thin piece of glafs is of the colour of ruj}^ while the oth^ 
fide is bbu. 
. * Lehman, Treatife on the formation of metals, p. 37. 

As to the earth of cobalt, or bifmuth, which is the bafis of the 
t)Iue coldur, Henckel confidered it as a martial earth in his Opufc. 
miner; p. 573* Some experiments which I have made render thit 
opinion very probable. I have obtained a very fine blue colour from a 
ferruginous Spanijb emeirj: having once pulverized half a pound 
thereof and mixed it with an equal part of black flux, I melted this 
mixture in a well-covered crucible in a pretty violent fire: when 
the matter was melted, I flung in an inflammable fubftance : when 
that had intirely ceafed burning, I emptied the crucible, and ob- 
tained a mafs of a moR beautiful fapphirine blue\ but which, as one 

may 
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Nferi nientloni a fiy colour imparted to glafs bjr Bo-* 
. liemian granates^ which method he conftantly prac-^ 
ti&d at a manufa&orjr' in Flanders ^^ It is well 
known that iron is the metal contained in thofe 
ikones; that they obey the load-ftone^; and that^ 
being calcined with a proper heat^ they yield a con- 
iiderable quantity of iron % 

Ihay imagine^ foon attfaded the moifture of tHe air : I repeated die 

experiment again without putting any black flux, and the colour 

became ftill finer : but it was nmarkabfy beautiful when the mixture 

was melted with a vitrifiable earth. I can attribute this colour only to 

the pafts of iron cdntained in the emery. 

. » ■ . 

* Neri, chap. 90. A curious perfdn and pradical chymift may 

cxtrafi a wonderful red from gold, from filver a Jky colour ^ and a 

tnilcH fairer from grandtei of Bohemia, which are low-priced ; fof, 

being fmall, you may draw a tindure from them, as I have often 

done in Flanders* 

^ Boyle of gems, Shaw's Abridg. vd. iii. p. 107. Sufpeding, 
for feveral reafons, that fome granates contain, befides other metal- 
line fubftanoes, many corpufcles of ^ ferruginous nature^ I made 
choice of fome fmall ones, which, by their deep and almoft dark 
colour, I guefTecl to participate largely of iron ox fieeU and applied 
them to a vigorous loadftone^ which, as I expefted,- took them up: 
and hereto th^y conftantly adhered till they were fc^cibly feparated 
therefrom — ibid. vol. iii. p. 120. A chalybeate tin£kure obtained 
fi-oih granates. 

« Junker, tab, x. p. 273. Multi ^tf«^/ minus pellucent; atque 
ex his vulgares przduri, atque alioquin igne indomiti, per ignem 
folarem grandibus vitris caufticis colledlum, dcnique in fluorem re^ 
dadi funt, ac merum ferrum pracbuere* 
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I expofad in a crucible to a gtaffi-houfe fire^ iof 
the fpace of diir^ hours^ part of a flint glaf& retort^ 
in which a nsiXivt' green vitriol of iron had beM dfA» 
tilled, and which had been corroded and tinged by 
it I by this means it became coloured of a ^ne trat^ 
parent Uue^ not diftinguifhable from that which co? 
bait imparts to glafs. 

Jron vitrified per fe is converted into a blui^ 
glafs ^ . 

In ihort, it is indubitable that iron is the only metal^ 
which will, without mty addition^ impart to the matt 
ter of glafs a blue colour ; for copper will not commur 
nicate that colour, without the addition of a con* 
fiderable quantity qfjalts, or fome other matter tha| 
attenuates it; and the other metals cannot fy aty 

means be made to produce it at i^l^ 

« 

Having fliewn that the metals exhibit colours, in- 
variably in the order of their denfities^ when melted 
with glafs in a proper proportion, without any other 
ingreMefUy and expojed to afufficient heat \ I (hall pro:r 
ceed io flicw that the other preparations of the 

metalS| 

• Lewis's Courfe of Chem. p. 49* The fpeciiic gravity of iroq 
is to that of gold as 7,645 to 19,640. This metal requires a great 
degree of heat to melt it, when it throws out fparkles, lofes cofifKle- 
rably of its weight, and is at length converted into a dark blue glafs. 
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ioeCftlsi irti. their Iblutiont, predpitatest cty^^ 
tals^ &c« do for the mcrfl part cxhtl>it the fame 
coiaurs^ in the order of their denjities^ though not {o 
iovanaUy as their glaflesi ibthe {mall variation of 
colour happening in the more imperfect metals^ pro*' 
bably from a change of denfity in their difierent pre- 
parations* 

GOLD* 
GOLD precipitated from aqua regia^ and waflied 
with hot water, or boiled in a iblution of ^caline fait, 
becomes red on being expofed to a flight heat« 
Lewis^ Hiflory of gold, p. io8. 

St« The fsMiie c^hur is prbduced when this pitcipi- 
tate oi gold is ground with oil of vitriol, or fpirit 
of fulphuf 1 or if it be mixed with fulphur, and 
the fulphur burnt away. Junker, tab. xxxiii. 
p. 859. 

I. The {moakiog fpirit of Libavius, mixed with 
gold and afterwards drawn ofiT from it by diflilla^ 
tion, changes it's colour to a hlood red.-^Sol fine 
Vefte, exp. 19. Junker, tal). xxxiii. p. 861 ♦* 

4« Gold is reduced into a red^ofmUr, by amalgama- 
tion with mercury, and expofing it for a con- 

Qjz fiderable 
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fiderable time to a flow heat.— Boyle's Abridg. 
vol. ii. p. 77. Junker, tab. xxzix. p. 987. '■ 

• • • • 

After the publication of this Paper, in the Philo- 
fophical Tranfa<aions, Dr. PriefUey made fome 
curious Experiments on the manner of producing 
a. Colour from Gold. I need not apologize foe 
tranfcribing any part of them, except that which 
expreflcs too favourable an opinion of my Endea- 
vours, It will appear, from the following paf- 
%es, that Gold is capable of being diverted of 
its metallic Luftre, and of afliiming a red Colour, 
by means of the Eleftric Explofion, under cir- 
cumrtances different from thofe which attended 
Dr. Franklin's method of producing that cffeft, 
^ready referred to. * 
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I firft procured a fmall quantity of grata Gold, 
which I was informed was the pureft that the 
goldfmiths know, and difcharged an explofion 
of the battery .through a train of the pieces; 
ap mch and a half in length, laid on a piece 
of white paper. Only two of the larger grains 
could be found after the Explofion. two 
leaves of paper were burnt, or torn through 
m feveral places, and more would probably 
have been torn in the fame manner, if I had 

"ufed 
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** u&d more. But what I principally attended 
to wa8 the tinge that was given to the paper, 
with a view to which I had made the Experi* 
^^ ment. The paper was ftained near an inch 
^* on each fide of the train, with black inter- 
*' mixed with red^ making an odd motley ap*- 
" pearance. 

*^ The blacknefs in thefc tinges convinced me, 
^' that there had been a calcination of fome part 
*^ of the metal ; but I was convinced it miift 
^* have been fonie ajlqy, by an Experiment I 
** prefently after made with a piece of leaf gold ^ 
" which, I believe, is generally the pur^ that 
*^ can be got. A fmall $ip of this I put through 
5' a quill, letting a part hang out at each end ; 
^^ and when I had made the difcharge through 
*• it, I found the quill tinged with a beautiful 
" Vermillion Red, without the leaft intermixture 
'* of black. When I difperfed a Hip of leaf 
<^ brafs in the fame manner, the greater part of 
*^ the tinge was black, with a little brown mixed 
^^ with it in a few places* 

<< I make no doubt but that if I could avoid the 
^^ black duft, in thefe Experiments, I could 
^^ make each of the metals give a tinge of its 

^* genuine 



I 



^^ genuine colour^ as they are excdik^tly dcfcii{)f- 
^' ed by Mr. D^laval ia a late paper of the Philo- 
*' ibphical Tranfaftions %" 

It appears, from thefe Experiments^ that Gold 
acquires a red Colour, by a ihinute Diyifion of its 
Particles, without any addition. 

6. If iix parts of antimony are fuied with one of 
gold^ and the antimony driven off by the blaft, a 
red powder of gold i$ left behiod.— -Caffius de 
Auroy cap. lo. 

7. If gold leaf be cemented and groufid with decre-^ 
pitated fait, hartfhorn, pumice^ or chalk, and 
expoied to a proper heat, the metal becomes red, 

and may be precipitated from a folution of thofe 
fubftances In a r^^ powder. — ^Junker, tab. xxuiiw 
p. 854. Lewis's Hiftoiy of gold, p. 74. Sol 
line vcfte, cap. 6, 

8 . A red tin(?ture may . be prepared from gold by 
feveral methods mentioned hy Libavius^ Alch^m. 
lib. ii. p. 130. Junker, tab. xxxiii. p. 868. 

94 A folution of gold in aqua regia prepared from fal 
ammoniac may be fublimed of a Hood red colour. 

The 

* Hiftory of Eledricity, p. 682. 



Ti^ fame U tfft&td by diflbMng the calir^ of 
crocn9 of gM, in other menftrua, Lewis's 
Hiftory of gold, p. loo. Junker, tab^ xxxiii^ 

10. A folution oi gold in aqua regia^ evaporated pro^ 
pcrly, affords cryftals of a bright red colour. — 
' Caflius de Auro, p- 109. Junker, tab, xsxiii, 
p. 862. 868. IJewis's Hiftory of gold, p« 99. 

* * 

} I . Aurumfulmtnans moiflened with water, has been 
found to tinge gems deeply oizjme red. Phil. 
Tranf, N*. 179, 

1 2. A folution of gold tinges ivory, cotton, the ikio, 
and other fubftances red. 

o 

Rubiis being frequently found iij gold, mines, it is 
very probable that they receive their colour from that 
metal; and from this circumflance, before the expe- 
riment had been made, Libavius rightly conjedhired 
that a folution of gold would communicate a ruby 
colour to glafs. Libavii Alch. p* 88. 

, It does not appear that, excepting the colour 
natural to gold in its intire flate, any other than red 
csui be obtained from preparatiojis of this metal : it 

. is 
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is from thi« colour, which gold afltimcs whfiiiitvcr 
its metallic brightnefs is deftroyed, that writers ia 

chymifiry call it leo ruber ^ 

L E A D 

•THE only coloured preparations of lead^ (befidesr 
its glafs) are thofe produced by calcination in the 
furnace. The firft of the, priniary colours produced 
by this procefs is yellow, the calx pafling from that 
colour through orange into red. 

This variety of the Colours proceeds from! the 
Imperfeftion of the Metal. It is probable that, 

during 

^ Libavius de natura metallorum, lib. i. cap. 4. de auro. In fuo 
manifefto citrinum eft, in occulto fummam continet rubedifffm; unde 
et non tantum tin£luin ipfum eft, fed et tinduram rubedinis confert 
abundantem.' 

Dum 'citrinum dicitur, externus viiltus qualis eft poft excodionem 
refpicitur: ilia tamen citriiiitas igne csementi et in opere pbilofo- 
phico fumma rnbedin^ permutatur. Itaque hihc eft philofophoruni 
axioma, quod in citrinitate laCeat rubedo excellentiffima, qualis eft 
rubini gem mar. 

Voces occultum, manifeftum, non ita pueriliter funt accipiendap, 
quail in fuperficie fit flavum, in centro rubrum: (ed progrei&ones c6« 
lorum in perfe£tione artificial! notantur, quod naturali proclivitate et 
difpofftione poft citrinitatem abolitam, aftumat rubidlmnu 

Lio ruber non folet vocari, antequam ab arte eleboratum, et 
allrale, ut aiuht, faftum. Potentia tamen etiam fimplex et naturale • 
aurum ita vocare tibn eft abfurdum, cujus tin^fnra appellatur ejus 
fanguis, quo vocabulo ttfermcntum rubeum denotatur. 
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4fariog the Calcination, Lead receives a fmaH por^ 
tion of Phlogifton, as well as Air. For the Af« 
:£[nity between the Earth of this (netal and inflam- 
finable matter is very great: as appears from the 
teadinefs with which its Solutions and Calces unite 
with Phlogiftic Vapours. . The effedl of fuch aa 
Union muft, probably, be a Change of Colour from 
Orange to Red* For Sir Ifaac Newton has fhewn 
that Bodies refleft more ftrongly, in proportion as 
they poiTefs more Phlogifton : and that the lefs re« 
frangible Colours require a greater power to reflet 
them. The perfedt metals gold, and (ilver, not 
being capable of lofing any of their Phlogifton, or 
' of receiving an additional quantity of it, are not 
liable to a Change of Colour by this means, 

S I L V E R. 

THE I^reparations of Silver, which are of a pri- 
mary Colour, (befides the Yellow which this metal 
imparts to glafs, and other vitreous fubftances, as 
Earths, or Salts) are Luna Cornea, which Mr. Boyle 
Tays is of a fair Tellow % and fome of its Precipi- 

R tates 

t Shaw's Boyle, vol. i. p. 255. Phylical Efiays, Edinburgh, 

1754* ^^'* ^* P* .3^0* ^^' '^' Remarks on chyxnical folutions and 
..precipitations, by A. Plummer, M. D. 

When either a muria of fea fait, a iblution of fait ammoniac, or 
.fpirit-of fea fait j[ for thefe three have nearly the fame effeSs) is put 



tates from a Solution in the nitrous Acid, efpeciall^' 
thofe which are obtained by means of Salts, impreg- 
laated with. inflammable matter ^. 

Dr. Prieftley reduced Silver to a Tellow matter, . 
by the cledtric Explofion, as appears from the fol- 
lowing 

into a folution of filver\ it becomes milky, and, as it were, curdled^, 
and at length a white powder fubfides to the bottom: this powder, 
being wafhcd with warm water and dried,., is foft and ^impalpable \ 
it's weight exceeds chat of the filver diflblved by more than one fixth . 
part. This powder comes much fooner to fulion than* filver, but: 
does not recover the appearance or properties of that metal \ for it^ 
looks like a piece oi yellowijh glafs^ femiopaque and brittle, yet bend- 
ing or yielding a little, whence it gets the name of luna cornea, 

* Margraf. Opufc. Chym. Dif^ 5. § vii. J'ai diffbus demi-once, 
il'krgent le plus pur, dans unc fuffifantc quantite d'acide nitreux, le 
mieux epure :— j*ai pareillement dilTous dans quatre parties d'eau 
diftiilee une once de fel d*urine, que j'ai dit plus haut faire hi bafe 
du phofphore. }'ai verfe par gouttes cette folution faline fur It f^ 
lution fufdite d*Argc»t, etendue danS trois ou quatre parties d'eau ; . 
et j'ai fait cette inftillation a diverfes reprifes, jufqu'a ce qu'il nc fe 
preeipitat plus rien* II fe trouve au fond un precipite de la plus belle 
eouleur de Citrpn. 

Mem. de Chimie. par M. Sage, Paris, 1773, p. 93. J'ai reconnu 
que I'acide marin eprouvoit une modification particuliere, lorfqu'on 
k diftilloit avec des matieres huilcufes. — L'acide marin qu'on ob- 
tirnt en le diftlltant ainii, eft beaucoup plus fubtil; il forme avec 
Talkali fixe, un fel febrifuge cubique, et avec I'alkali volatil, un fel* 
smmoniac ; maif ces deux combinaifons falines different du fel 
lebrifugc ct du fel ammoniac ordinaires, en ce qu'eHes out la pro- 
fiiitAdcjrecipUer enjaune citrin Vjtrgent diflbut dans I'acide nitreux» 
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lowing paffage*: "With the fatnfe view, I laid a 
^' iimilar train of bits cut with a knife from a piece 
** of as pure Silver as I could procure. They were 
** difperfed, and the paper burnt through, in the 
^' fame manner as with the gold ; and the fpace of 
** about an inch on each fide of the train was ftained 
'^* with black intermixed with a deep Tellow^ which 
" was confiderably different froin the tinge made by 
'" the fufion of the gold. 

» 

" The blacknefs in thefe tinges convinced me» 
" that there had been a calcination of fome part of 
"*' the metal ; but I was convinced it muft have been 

fome alloy, by an Experiment I prefcntly aftdr 

made with a piece of leaf gold." 
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COPPER and IRON.. 

IT thus appears that all the preparations of gold^ 
vOiAJilver^ invariably retain the colours peculiar to the 
order of their denfities^ and that they are the fame wkk 
^tbofe which they communicate to glafs. 

The two moft imperfefl: metals, copper and iron, 
'l)eing very eafily afted on by almoft all menftruaj 
the colours of their folutions, &c. viz. green and 
'blue, are apt to change into each other's order ; the 
•copper in fome folvents becoming blue and the 

R 2 irofl 

* Hiftoiy of Ekaricity, p. 683. 
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iron, green, and. in other fol vents vice verilT; thi9\ 
probably depending on the increafe or diminution of ;• 
their denfities- 

. The fdlutions of copper,* in theactdfi of* nitre ancf- 
fea fait, iuid ia the ^vegetable addsy are green. But 
if copper be attenuated by folution in volatile aK 
calies, . it . becomes blue. Theophraftus and others 
. have obferved, that emeralds are frequently found in 
capper mines i and it is probable that they obtain^ 
theif tinge from ^atiinotai* 

I melted fome emeralds with twice their weight of • ' 
falts, and foujid that they had formed a fine green 
glafsy fuch as would have been produced from the 
fame quantity of a vitrijiable earthy and about a. 
hundredth part of its weight of reT^/^r. 

Iron difTolved by the vitriolic acid is green ; but if 
further attenuated by a chemical procefs, it produces 
that beautiful colour . called PruJJian blue. Phil; 
Tranf. N^. 38. Henckcl Diflert. 6. The Blue 
msuftial earth, called by Cronftedt native Pruffian 
Blue % ieems to bepf.the iame kind as that' whicK 

IS 

> CronftcdfSyft. Miner. Seft; ccviii. Iron, with an alcili and 
pMpgiftoti* ICalx martialis pblogifto junda, et alcali precipj^'ta; 
BJucjinartial earth. Native Prujflian. Blue, 

(x) Loof^j 
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is found' in Pear Moffes in Scotland; Ir owes' it» 
Colour to the Iron, which enters into its compofi- 
tion '. I think- it- probable that this Blue is prot- 
duced by an admixture of Aftringent Vegetables^ 
with the Vitriol which is often found in Peat and 
Turf J in fome places, as in the Beauvaifis, that 
Salt aboiyids in the Tuif fo confiderably, that feve* 
ral Manufadtures for the extraction, of.it arc eftabliihf 
ed there. 

A' fimilar blue may be obtained from the iron con^ 
taincd in the aflies of all plants. Henckcl, Flor. 

fat. chap. 8. paj?ag. 55, , 

HavMig 

(i) Koofe or powddryi found among thfc Turf In the levels of 
Ae piwince of Bkone': Alfo ki Weiflimfels, and at.Norvlanden m 
Norway, &c. 

• ' Mem. de Chimie. par M. Sage, p. 65— Les acides min&aux 
enlevent tres-piomptement la couleur du BUh 4g Prvffi mtify o^ 
tjojivt. ajors au fond, du Vafe, uru ttrrt wartja/fhrunatre ; .I'aci^p 
nitreux diffout ce meme Bleu de Pruffc natif, avec efFervefccnce. 
II refultc de ces exp^ienccs, -que le principe colorant eft beaucoup 
moins inherent dans le Bleu di Pruffe natif que dans celui que nous 
devons a I'art, puifque le» acides aviwent-la oouleur de ce dernier 

Iflitt de I'alterer. „,.<:. 

Le Rleu^de Pruffe natif, mis en digcftion dans les alkalis ftendijs 
d'eau, perd fa couleur j on trouve au fond du vafe de la ttrre mar- 
tiaU hrtaui lorfque les alkalfs font fatur& de I'acide qui donne 1ft 
couleur au blca. de Prufle natif, ils ne font plus effervefcence avec 
les acides: ces mSmes alkalis font propres a ^recipitcr de fa dijjbln* 
u>n» le .^ en tres-beau Bleu de Prufle. 



lEIaving expofed a pound of wood aflies in Ji loteA 
crucible, to a pretty ftrong fire, for thirty hours, the 
greateft part of thejn became tinged blue by the irm 
contained in them. 

A biue may be alfo extracted from a martial vitriol^ 
hy fpirit of wine* Henckel, de appropriiition«t 
chap. 2. parag. .257* . 

An inllance of a mineral fubftance changing it's 
colour from green to 6/ue on it'6 Specific grawfy being 
diminijhed^ appears in a ftone defcribed by Dr. Grew , 
in the Mufcum of the Royal Society : ^this gem is a 
kind of emerald^ which, when expanded by heat^ 
becomes blue^ and remains of that colour till cold, 
in which ilate it returns to it's ufual colour, whick 
is green. 

Tin is not capable of being vitrified, or imparting 
any colour, except an opake white, to glafs ; nor aco 
•any preparations of it of any primary colour. 

MERCURY. 

THERE is no body of an intermediate iveigbthc^ 

tween gold and mercury: and it is probable that a 

jgreat part of the difference between their fpecific 

gravities depends on thtfiuidity of .the one and the 

f^lidity of thc.other. 

.Mercury 
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Mercury is not capable of communicating any co- 
E)ur to glqfst being fo volatile that it will not bear 
the degree of heat necefTary to incorporate it with- 
^e glafs in fufion. 

But it is well known that it's ^^/x, either prepared. 
per Je^ of by diiTolving it in an acid and evaporating 
^ menflruum,. is red.. 

2. A folution of mercury tingles the fldn, &c, 
ped^ zs gf)/d docs, . 

P L A T I N A. 

THE fpecifie gravity of platina being nearly equal 
to that of goldy it feems neceffary to examine when* 
ther the colour of it's preparations correlpond with 
thofe of gold.- 

On. looking into a diflertation written, by Dr. 
E^ewis on that metal, in the Philof. Tranf. I find 
that the precipitates and cryftals obtained from folu* 
lions oi platina are fed: and that a folution of that 
metal in aqua regia, to perfect faturation, is of a dark 
r^dy though, when diluted, yellow*, in the fame 
manner that ** a red liquor (as Sir Ifaac Newton ob- 
** ferves) in a conical glafs, looks of a pale and dilute 
^^ yellow,, at the bottom^ where it is thin ; and a^ 

*^ little 
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tbeii; contaft with the air^ afliime the csolour pecu:-^^ 
liar to its fait or vitrioL. 

Moft vegetables^, when they grow in fach a man** 
aer as to be defended from the contsiGt of the air^ 
are prevented from becoming green.. 

This happens to the roots of trees^ and as much 
of theix. ftemu as is. covered with oarth^: grzA growv^ 
ing under (lohes^ or other bodies^ that accidentally 
Ue on kj,, is white ;. not having the leaft green» hot 
as the. ail! has> acoefato it ; and it ia a method com- 
monly ufed by gardeners, to cover with earth thofe 
parts of plants which they would prefervc white: by 
that means hiackring them from being tinged* green 
by the contadt of the air^. a&^the parts expofed to k 
are: though it appears from experiment, that the^' 
prefence of light, as well as of air, is neceflary. to 
the produi^ion of the. colour of plants. 

Befides the iron diflblved- at the furface of plants 
by the air, that which is contained in ^e infide o( 
themf may be kept in a ftate of folution, when it 
meets with a proper quantity of acidi and it is re-^ 
markable that the infide of- mofb fruits and other 
parts . of plants remain green no longer than they ^ 
ijontinue in an ^r/V.ftate. 

The 
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Toe quantity of iron contained in plants will not « 
appear too fmall to produce their colour^ when it is 
known that one grain of vitriol, of which only a 
finall part is iron, the reft being acid and water, ig 
able fenfibly to comnunicate a green co/our to ten 
thoufand grains of water. Lemery mentions this J 

great divifibility of iron as an acgument of its being 
able to pafs into the fmalleft parts of plants* Menu 
Acad, anno 1706.. 

' A circumftaoce which ftrongly confirms that the 
cohuring matter of vegetables^ and. a ferruginous w^ 
triolie ftAflance^ are of one and the fame kind, is, 
that the vitriol of iron f which is green^ pafTes through 
the fame colours, while its. moifture is evaporating^ 
which vegetables 60^ when by withering they un- 
dergo the fame fort of change : the. vitriol deprived, 
of its water by calcination grows firft yellow and. 
then red"" 5 and Sir Ifaac New.ton has obferved that,.. 
•* when vegetables wither^ fome of them turn to a- 
♦* greenifb yellow^ andothers to a more pcvFcSt yellow 
** or orange, or perhaps to red, paffing firft through 
^* the aforefaid intermediate colours : which changes 

' S 2 *'fcem 

• Bberliaave^s Chym. vol. ii. procefs 164. If this fecond calx 
(tfaat-it, green vitricl reduced to powder by a moderate heat) be osd- 
cined in a crucible, in an open ftrong fire, it grows jHhWy udi and 
atkiigtb hficooies a deep purple powder*. 
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feem to be efFeftcd by the exhaling of the moifturc, 
which may leave the-tinging corpufcles more denfe 
** and foihethkig augmented by the accretion of the 
^* oily and earthy part« of that moifture/' New- 
ton's Optics, lib. ii. prop 7. %. 



This is the only paflkge in Newton, in which he 
W ^ inftances any p'ermanet^t colour of a natural body a^ 

' ''. arifing from 2I change of denfity: aadthongh he haf$ 

not any where at large delivicred bis opinion on this 
fubjedt ; it appears that, in this cafe, he confidered 
the lefs refrangible colours in withered vegetables as 
^riCing from thoir wcrea/e ^ denfty ; which is what 
I endeavoured in the beginning of this paper to prove 
dediicible from his do<3;rines. 

I am. 

My Lord, 

, . . Your Lordfliip's 

moft obedient 

V and moft humble Servant^ 

^r01d'l*atacc-Yar<It 
f\ Jan. 17, 1765- 
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